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Abstract 
The Valle del Bove is a horse-shoe shaped depression, 8km 
long and 5km wide, cut into the eastern flanks of Mount 
Etna, Sicily. In the southern cliff walls there are exposed 
the lavas and pyroclastics erupted by six ancient centres 
of activity which existed in the vicinity of the site now 
occupied by the Valle del Bove. The majority of these volc­
anics originated at a centre, Trifoglietto II, which occupied 
a position on the site of the southern Valle del Bove, and 
which was still erupting lavas at 25,000 ys BP. 
A reconstruction of the topography which previously 
existed within the Valle del Bove, is accomplished by extrap­
olating preserved contours on the northern and southern walls 
of the depression. Reconstruction of the Trifoglietto II 
centre shows that its summit was probably between 2500m and 
2600m above present sea-level, and that it consisted of a 
cone constructed predominantly from pyroclastic materials, 
overlain on its southern and eastern flanks by lavas. 
A stratigraphy is constructed for the southern wall. 
The Trifoglietto II lavas rest unconformably upon the eroded 
remnants of an older centre, and are themselves overlain by 
the products of younger centres. 
All the lavas exposed in the southern wall are of 
alkalic affinity, and comprise a trachybasaltic suite ranging 
from hawaiite to benmoreite. Variation in the chemistry of 
most of the lavas can be explained by their differentiation at 
high levels in the crust, from a more basic magma of alkali­
basalt/hawaiite composition. Chemical variation in the Trif­
oglietto II lavas, however, can best be explained as a result 
of generation by the partial melting of garnet-peridotite 
material at upper mantle depths and pressures. 
A study has been made of the numerous dykes exposed 
in the walls of the Valle del Bove., the alignments of which 
parallel trends which are important on Etna at the present
time. 
It is proposed that the Valle del Bove was formed 
by phreatic or phreato-magmatic eruptions which destroyed the 
Trifoglietto II centre, some 15-17,000 ys BP, following mag­
matic extinction at the centre. The eruptions produced lahars 
which are evident to the east of the depression, and extensive 
air-fall ashes. Subsequent enlargement of the Valle del Eove 
was accomplished by fluvial erosion. 
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Chapter 1 
INTRODUC'1:ION 
1.1 ETNA 
Attaining a height of nearly 3350m, Etna is the largest 
active volcano in Europe, and together with Hawaii is 
one of the few continually active volcanoes in the world. 
Etna is situated on the east coast of Sicily between 
Messina in the north and Catania in the south (fig 1.1). 
The lavas of Etna cover just under 1600 square km and the 
circumferance of the volcano is over 100km. Etna lS 
considered to be a complex strato-shield volcano 
constructed from several centres which overlap one­
another resulting in a confusing succession (Cristofolini, 
1973;Rittmann, 1973). It is thought that the earliest 
activity occurred during the Middle Pleistocene (Cristof­
olini, 1973) with the eruption of tholeiitic basalts. 
Some alkali-olivine basalts were also erupted early in the 
history of the volcano (Condomines and Tanguy, 1976). The 
greater part of Etna is, however, made-up of lavas of 
alkalic affinity comprising a trachybasaltic suite 
ranging from hawaiites to benmoreites in composition. 
1.2 THE VALLE DEL EOVE 
The Valle del Bove is a horse-shoe shaped depression, 
8km long and 5km wide, cut into the eastern flanks of the 
volcano (fig 1.2). In the cliffs surrounding the 
depression there are exposed the products of several of 
the earlier centres of trachybasaltic activity (Klerkx, 
1968, 1970). 
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The Valle del Bove occupies a position between the sea 
and the present summit of Etna. It is open towards the 
east, and bounded to the north, south and west by steep 
cliffs. Beneath the summit crater these walls are over 
1200m high, but they diminish gradually to heights of 
only a few hundred metres in the extreme east. The 
depression is now partly infilled with lavas erupted 
from near the present summit or from recent cones within 
the depression. To the east in the floor of the Valle 
del Bove, there is another smaller depression, the Valle 
di Calanna. This lS 2km long by 1km across and is also 
largely infilled by recent lavas. 
The Valle del Bove is one of the few sites on 
the volcano where recent activity has not obscured the 
products of older centres of eruption. It is therefore 
necessary that in the construction of a stratigraphic 
succession for the whole volcano, this area be studied 
in detail. 
1.3 AIMS OF STUDY 
Previous work on the southern wall of the Valle &el Bove 
has been largely petrological, confined to the mineral 
and whole-rock analysis of a selection of lava and scoria 
samples (Klerkx, 1968, 1970). No detailed geological map 
has been produced for the area, and no data is available 
on chemical and mineralogical variation within the lava 
units. 
This research project aims to ascertain the 
nature of the volcanic activity that formed the units 
exposed in the southern wall of the Valle del Bove, and 
the mechanism by which the Valle del Eove was formed. 
Both of these aspects are of major importance in the 
understanding of the Etna volcano. The objectives of this 
study may be summarised as follows 
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(1) To map the southern wall of the Valle del 
Eove, an area of approximately 23 square km, and prepare 
a geological map on a scale of 1 in 10,000. 
(2) To construct a stratigraphic succession 
for the rocks exposed in the southern wall. 
(3) To undertake an examination of the struc­
tural aspects of the geology, including the distribution 
and occurrence of faulting, the interpretation of dip 
directions on the lavas and pyroclastics, and the location 
of ancient centres of activity. 
(4) To carry out a petrological study of the 
volcanic products and intrusives in order to examine 
whether stratigraphic units set up in the field might be 
distinguisbed on the basis of chemistry and/or mineralogy. 
(5) In awider context, to study the occurrence 
and distribution of dykes in the Valle del Bove. 
(6) To set up a model for the formation of the 

Valle del Bove. 

1.4 METHODS OF STUDY 
Standard field-mapping techniques were used in the accum­
ulation of the data required for preparation of a 
geological map. In an attempt reduce bias, most samples 
were collected from the inner cliff walls (Appendix 1). 
The outer slopes of the southern wall represent the 
preserved flanks of the ancient centres which occupied the 
si of the Valle del Bove, and as such the lavas and 
pyrocla.stics exposed there represent only the tinal phases 
activity of these centres. Wherever possible sampling 
was undertaken on a volumetric basis with the greatest 
number ot samples collected from the most volumetrically 
abundant lavas. In some areas however, proved 
difficult due to the poor erposure result from extensive 
scree cover or the inaccessibility due to the vertical 
nature of the slopes. 
Standard techniques were used in the preparation 
and petrographic examination of thin sections. Major and 
trace element whole-rock analysis was undertaken using the 
energy dispersive XRF system at the Open University in 
Milton Keynes. 
1.5 ROCK CLASSIFICATION 
The trachybasaltic rocks plot in the alkalic field of the 
total alkalis ilic8 diagram (fig 1.3) after Macdonald and 
Katsura (1 • Studies on alkalic suites by Hugbes and 
Brown (1972), Baxter (1975), and Thompson et al (1972), 
incorporate rock classifications based on the CIPW norm, 
and using either the Thornton-Tuttle Dit rentiation Index 
(Thornton and ttle, 1960) or normative feldspar values. 
Duncan (1978) however, proposes that the alkali 
content and oxi ion state of the iron in the Etna 
lavas are SUSIC i e to post-eruptive variation, and 
states that CIPW norms may not reflect the composition 
of the magma immediately prior to eruption .. Duncan (1978) 
uses silica content as the main criterion for the classif­
ication of the trachybasaltic rocks of Adrano area of 
Etne, as this shows the greatest variation over the suite 
and is largely 1..H'uaffected by late stage volatile transfer .. 
This is the classification scheme which is 
adopted in tbis thesis, and is summarised below 
Silica ,; T &, T 
He.we.iites ,4-46 (generally) 
Basic 46-56 
56-65 
ita. 65-80 
sub-divisions into named rock types are some 
-what arbitrary .a the suite s. continuous variation. 
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The mugearitic rocks are divided into two groups on the 
basis of petrography, the basic mugearites having a 
hawaiitic appearance, while the more evolved mugearites 
often exhibit a trachytic texture. The continental system 
of classification after Streckeisen (1967) has been used 
by most Italian authors. In broad terms, the alkali­
andesites of Streckeisen correspond to hawaiites and basic 
mugearites, and the latite-andesites to mugearites and 
benmoreites. 
1.6 NOMENCLATURE 
The volcanic nomenclature adopted in this thesis, and the 
meanings of some local terms are outlined below : 
Ash - Pyroclastic ejecta, the individual 
fragments of which are less than 2mm across (Fisher, 1961). 
Scoria - Vesicular fragments of solidified 
magma. This may be erupted from vents as ejecta (vent­
scoria), or formed as aresult of the cooling and fracturing 
of the surface of a lava flow (lava scoria). In either 
case, the individual fragments .may, as a result of their 
semi-molten state, become welded together on contact 
(welded scoria) or remain separate (gQ£-welded scoria). 
Scoria is used as a descriptive term, and no size limits 
are defined. 
Spatter - Round, flattened masses of ejected 
molten material which often become welded together forming 
spatter cones or spatter rings. 
Dagala - Local term given to the "island" which 
remains where lava has flowed around some obstruction such 
as a small hill. 
Lateral Cone - The name given to relatively small 
small cones constructed around vents on the flanks of a 
central volcano. 
Primary Centre - Principal site of activity 
(both effusive and explosive) on a particular volcano. 
Generally marks the highest point on the volcano. 
Deflation Pavement - Ground surface covered by 
a layer of gravel or pebble-sized rocks, formed by the 
removal of finer material by wind action. 
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Chapter 2 
SICILY TECTONIC SETTING, GEOLOGY 
AND VOLCANISM 
2.1 TECTONIC SETTING 
Sicily occu~ies a seismically and volcanically active 
region astride the complex zone separating the African 
and Eurasian plates (McKenzie, 1970) (fig 2.1). Seismic 
surveys (Casinis et aI, 1969) show that Sicily is under­
lain by continental crust, varying in thickness from 40km 
in the north of the island, to less than 35km in the south, 
(fig 2.1). To the north of Sicily, the Tyrrhenian Sea, a 
deep-sea basin characterised by anomalously high heat­
flow values, is underlain by a thin, largely basaltic 
crust (Barberi et aI, 1973). Samples of schists dredged 
from non-magnetic seamounts (Heezen et aI, 1971) suggest 
that fragments of continental crust are also present in 
the floor of the basin. In the southern part of the sea 
there is an H arc l1 of small volcanic islands of calc­
alkaline affinity, the Aeolian Islands. Sicily is bounded 
to the east by the Ionian Sea, and to the south there are 
a series of rift structures with which are associated the 
volcanic islands of Linosa and Pantelleria~ 
Channell et al (1979) propose that the Tyrrhenian 
basin to the north of Sicily, together with the Ligurian 
and Balearic basins (fig 2.1), is floored by an oceanic­
type crust. This conclusion is based upon geophysical data 
from several authors. Erickson et al (1977) show that all 
the western Mediterranean basins are characterised by high 
heat-flow values, 113mW/square m in the case of the Tyrr­
enian basin. Morelli (1970) produces seismic data which 
10 
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indicates a depth to the moho of 12km beneath the Tyrrhen­
ian Sea, whilst Morelli et al (1969) have identified 
strong magnetic anomalies which correlate with igneous 
submarine ridges in the Tyrrhenian basin. Channell et al 
(1979) have id'en tified large (+250 mgals) Bouguer anomal­
ies beneath the Tyrrhenian Sea. The high heat-flow values 
which are observed are consistent with the gravity data, 
suggest that the top of the asthenosphere is in an 
e1 ed position b e e Tyrrhenian /ea th,e other 
W~ rn Mediterranea~ 
the aB1S f interpret 10n ! selsmic 
d,e,l:a (Golombi et 'i), and gravi ty tic data 
(Morelli aI, 1975), tbe crust beneath the Straits of 
Sicily (f 2.1) is known to be inental in nature 
a well moho at a dep of • A thick cover 
Mesozoic and Caenozoic sedimen exists in the area 
is considered to become submerged ~ late 
"i.ary (Channell r:l.L, 1)79). The ~volca!"~i '~ on Pantell­.,l. 
a and Linosa oce - a result of ~i c 
Ionian Sea (fig 2.1 a crustal struc 
sioi.lar adjacent Strai eily. A 10km 
success sediments has been fied, and man 
velocities are reacbed at t z .. 1974). 
S. owever, poe f 
man 
ted 
1 ) that en 
,;. thickness 
e crust banee 
i 
an 
io basement. ' ever, wo 
t of 
water on the North platform ( 
at al,! 1 contineDtal-tYl'El' of a eimilar 
be produc prooesses 
ion CAlvarez •, 
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In conclusion, and in contrast to the basins of the 
western Mediterranean, the Straits of Sicily and the 
Ionian Sea are probably underlain by continental crust. 
Two models have been proposed to explain the 
present tectonic setting of Sicily. The one envisages a 
recently locked subduction zone to the north of the island 
related to the closure of the African and Eurasian plates 
(Barberi et aI, 197~); the other, subsidence of a mantle 
diapir which it is suggested, existed beneath the Tyrrhen­
ian Sea throughout the Tertiary and early Quaternary 
(van Bemmelen, 1972; Alvarez, 1972; Stride et aI, 1977). 
These two models are outlined below 
(1) The Plate Tectonics Model (fig 2.2) 
With the break-up of Pangaea some 200 million years ago, 
and the subsequent opening of the Atlantic Ocean, there 
came about a progressive decrease in the size of the 
Tethys Gulf separating Eurasia and Africa. Over the last 
180 million years, it is suggested (Dewey, 1973) that 
tectonics in the Mediterranean region have been controlled 
largely by the relative movements of these two plates. 
In the Mediterranean region, McKenzie (1970)' 
delineates several well-defined blocks separated by 
seismically active zones, and has interpreted these as 
being micro-plates moving independently between the larger 
African and Eurasian plates. On the basis of this seismic 
evidence, McKenzie (1972) suggests that the African­
Eurasian plate boundary passes through Sicily just to the 
north of Etna. 
In Sicily there is no evidence that subduction 
is taking place along this boundary at the present tim.e. 
Palaeomagnetic work by Barberi et al (1974) suggests that 
continental collision between the African and Eurasian 
plates occurred in the vioinity of Sicily at the end of 
the Miocene, and that since then the plates have locked. 
THE TECTONICS OF THE SICILY REGION 
EXPLAINED IN TERMS OF PLATE TECTONICS 
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To the north of Sicily, intermediate and deep foci 
earthquakes (50-600km) define a WNW dipping seismic zone 
under the Tyrrhenian Sea (Caputo et al, 1970). This has 
been interpreted by Barberi et al (1973) as evidence of 
active subduction taking place beneath Calabria and the 
Aeolian Islands (fig 2.2). Barberi et a1 (1973) suggest 
that distensive volcanism is taking place between the 
1I1 0cked" plates in Sicily and the still mobile part in the 
Ionian Sea. This might explain the existence of distensive 
volcanism at Etna and in the Iblean Mountains to the 
south, in a framework which is largely compressional. 
The presence of shoshonitic volcanism and the sporadic 
focal depths suggest that the subduction zone beneath the 
Tyrrhenian Sea is in a senile stage of evolution (Barberi 
et al, 1973; Keller, 1974). Due to the presence of cont­
inental crust on both sides of seismic zone, Finetti 
and Morelli (1972) bave suggested the consumption of 
oceanic crust is almost complete, and that the seismicity 
is due to the descent of the last slab of oceanic lithos­
phere. 
In the plate tectonic model, the compressional 
regime calc-alkaline and sbashon volcanics of the 
Aeolian Islands represent a volcanic arc in an advanced 
state of evolution, and the Tyrrhenian abyssal is 
interpreted as being a back-arc marginal basin (Barberi 
et aI, 1973). presence of basaltic volcanism on 
Ustica and some the other Tyrrhenian seamounts (fig 
2.6) is put forward as an ieation or the distensive 
character of the basin.. 
spreading origin by the forceful 
magma for the Tyrrhenian abyssal plain. 
1) a 
Three mountain arcs are reeosnlze4 in the central and 
eastern Medit.rrane~. The Calabrian arc in Sicily, the 
Hellenic arc in Greece, and the OJpru8 arc 
Turkey and Cyprus. Both the Calabrian and Hellenic arcs 
are associated with volcanic arcs, the products of the 
volcanoes of which are calc-alkaline. Several workers 
(van Bemmelen, 1972; Alvarez, 1972; Stride et al, 1977) 
have suggested that the presence and repetition of these 
arcuate structures cannot be explained by a simple 
closure of the African and Eurasian plates. Stride et al 
(1977) suggest that their occurrence is due to post­
collisional tectonic processes. Stride et al believe that 
upward-moving convection currents in the upper mantle 
(mantle plumes) associated with the former spreading 
r of t • may have remained active result in t 
rmation of mantle diapirs beneath 
Aegean, and southern Turkey. Alternat 
convection currents related to diapir formation may 
resulted from the heating and insulating e t of cont­
inental crust ickened in the vicini ring the 
rcynian orogeny (Alvarez, 1972). 
Van Bemmelen (1 ) proposes that convection 
currents the upper mantle erode crust 
from base resul !!oceanisation". z 1 ) 
a toro convect cell wi 
moving upward until it mee base of crust ~ 
runn parallel wi e tor some 
cend as it cools. Alvarez eros 
occurs as hot mant 
e crust where it 
cone c tal sail" 
erosion associ 
actor 
sat 
crust, 
cone 
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in the shearing-out of the geosynclines and the formation 
of nappes and olistostromes which exhibit a vergence 
away from, and a radial symmetry about, the Tyrrhenian 
Sea region (fig 2.3b). Such nappes are seen in the 
Peloritan Mountains of northern Sicily. A thinning of the 
crust above the diapir causes fracturing through which 
basalts are erupted, resulting in the development of an 
"oceanic-typel! crust. With the weakening of convection, 
isostatic readjustment takes place, and the dense oceanic 
crust, no longer buoyed-up, subsides to oceanic depths 
(fig 2.3c). Compensatory uplift occurs in the previously 
submerged areas adjacent to the diapir. In this model, 
the seismic zone which lies beneath the Tyrrhenian Sea is 
associated with a zone of folding or TTorogenic wave" in 
which Calabria is overriding the Ionian Sea (Stride et aI, 
1977), while the volcanoes of the Aeolian Islands are 
interpreted as orogenic arc volcanoes. 
A Proposed New Model 
It may be possible to explain the tectonics of the 
central Mediterranean by relating the formation of the 
mantle diapirs to plate movement. Following a study of 
western Pacific marginal basins, Oxburgh and Turcotte 
(1970) found that the observed heat-flow was too high to 
be explained simply by conduction. They have suggested 
that mantle diapirs produced by convection currents in 
the upper mantle might explain the higher than expected 
values. Channell et al (1979) point out that the high 
heat-flow values characteristic of the western Mediterr­
anean basins are comparable to those observed in the 
western Pacific by Oxburgh and Turcotte (1970 . 
It is suggested by the present author that 
development of such a diapir ahead of the northerly­
dipping subduction zone of the African-Eurasian plate 
boundary, may have resulted in the uplift of the Tyrrh­
enian Sea region (fig 2.~a). Examination of dredged 
sample~ (Heezen et aI, 1971) shows that a continental 
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terrain existed in the Tyrrhenian Sea area, and that its 
subsidence began during the Neogene. Initiation of this 
collapse may coincide with the locking of the African and 
Eurasian plates in the vicinity of Sicily, which occurred 
at the end of the Miocene (Barberi et al, 1974). Nappes 
and flysch from the emergent Tyrrhenian land-mass would 
be received in a marginal downwarp/trench system during 
the Palaeogene, and subsequently thrust southward on to 
the margins of the African plat·e as collision occurred 
and the subduction zone Tllocked" during the Neogene (fig 
2.4b). The collapse of the diapir following collision 
would result in the subsidence of the Tyrrhenian dome, 
the continental crust of which may have been considerably 
thinned by both sub-crustal and sub-aerial erosion, and 
the eruption of basalts producing an II oceanic-type 11 crust 
(fig 2.4c). 
The tectonic setting of the Ionian Sea poses a 
problem which might hinder the construction of a single 
model to explain the tectonics of the region. As has been 
previously mentioned, Barberi et al (1974) show that the 
Ionian Sea lithosphere has been subducting north-westward 
beneath Calabria, although this has now ceased. To the 
east of Sicily, however, subduction appears to be taking­
place in a north-easterly direction beneath the Aegean 
arc, a situation which is difficult to reconcile in 
geometrical terms. The Benioff zone beneath the Aegean is, 
however, diffuse, and the majority of earthquake foci 
occur at depths of less than 100km (Berckhemer, 1977). 
Here, therefore, the process of classic western Pacific­
type subduction is not occurring, and the geophysical 
data might be explained by the continental lithosphere 
of the Aegean being actively thrust over the Ionian Sea 
lithosphere by the Aegean diapir. 
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2.2 GEOLOGICAL HISTORY 
Four main structural units are recognised in Sicily (after 
Barberi et aI, 1974) (fig 2.5a), and these are outlined 
briefly below 
(1) The Iblei-Ragusa Platform. 
The Iblei-Ragusa Platform is the most southerly unit, and 
is unaffected by the folding which occurred in the north 
of the island. It cons ists of shallow-Itlater carbonate 
sediments of Mesozoic and Tertiary age, making-up part of 
a 20km thick continental crust (Colombi e aI, 1 
which is an extension of the Saharan Platform. 
(2) The Caltanisetta Basin. 
The Caltanisetta Basin is a Mia-Pliocene, post-orogenic 
resedimentation basin occupying the central part of the 
island. Subsidence of the basin occurred during Upper 
Miocene, resulting in its infilling and accumula't:ion 
of a 3km thickness of sediment. Uplift has taken place 
since the Lower Fliocene, and as a result Upper ene 
to Lower Quaternary marine deposi are now found several 
hundred metres above sea-level. The Galtaniser:::a 
is separated from the Iblei-Ragusa Platform by a aeries 
of vertical faults. 
c:?) The Syr:.-Orol?;enic ?'lysch Nar>1:es. 
The syn-orogenic flysch nappes occur 
and range in age from Cretaceous to ~iocene. 
northern , 
was from the north, and took-place mainly during the 
ocene, Fliocene, and Lower is ane. 
(4) The 
The massif comprises 
Lower ralaeozoio age, 
sian of' Cala'brien tall 
Peloritani Massi!. 
and represents Enctan-
The 
Iblean Ilf{ounta:1.ns Cit 0 in 
part of the island, were deposited in a shelf-sea 
environment throughout the Mesozoic and Tertiary, and 
were largely undisturbed by the various orogenic episodes 
which affected the north of Sicily. The earliest nappes 
identified on the island are Hercynian in age. These 
structures are made-up of the phyllites of the Peloritani 
massif, intruded by granitic gneiss. Permo-Triassic 
conglomerates and sandstones ("Verrucano If) and Mesozoic 
carbonates deposited unconformably over these folded 
Palaeozoic rocks, were incorporated into the basement as 
a result of southward overthrusting associated with the 
Eocene phase of the Alpine orogeny. Further nappes were 
emplaced during the Middle and Upper Miocene. As previously 
discussed, these may have originated in a marginal 
downwarp/trench system associated with the emergent 
Tyrrhenian dome and the subduction zone associated with 
the African-Eurasian plate boundary. Throughout the 
Pliocene and the Lower Pleistocene, uplift of the 
previously emplaced nappes occurred, forming mountain­
chains in the north of the island. Sediments eroded from 
these topographic Ifhighslf were redeposited in the Caltan­
isetta Basin which, at the time, represented the fore-deep 
of the growing mountain ranges. 
2.3 VOLCANISM IN SICILY (fig 2.5b) 
The earliest traces of volcanic activity in Sicily were 
detected in wells sunk for oil exploration at Ragusa in 
the south-east of the island. Basaltic lavas, dykes, and 
hyaloclastites are found intercalated with Triassic and 
Lower Jurassic sediments. The oldest volcanic rocks 
occurring at the surface, are Cretaceous in age (Barberi 
et al, 1974) and are found at Pachino and Capo Passero in 
the extreme south of Sicily, and at Santa Cusmanno and 
Monte Tauro to the east of the Iblean Mountains. e 
rocks are largely hyaloclastites and submarine basalts 
erupted from fissures in a a carbonate shelf environment. 
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Between the Upper Cretaceous and the late Miocene, 
no episodes of volcanic activity are recorded in eastern 
Sicily although some Eocene basic lavas occur in the west 
of the island (Broquet et aI, 1966). Calc-alkaline volc­
anism may have occurred in the north of Sicily during the 
Upper Oligocene and Lower Miocene, as evidenced by the 
andesitic Tusa Tuffites found in one of the flysch nappe 
units (Wezel and Guerrera, 1973). During the Upper 
Miocene, Pliocene, and Quaternary, volcanic activity 
became more common. In the Pliocene and early Pleistocene, 
large amounts of basaltic and tephritic hyaloclastites, 
lavas and pyroclastics were produced in the vicinity of 
the present Iblean Mountains. These materials were 
largely erupted from fissures in a carbonate shelf envir­
onment, although locally, sub-aerial central volcanoes 
were constructed. 
Two broad distinctions can be made in the 
Quaternary volcanic activity of the Sicily region. Volc­
anism of basaltic affinity is found at Etna and in the 
Iblean Mountains in Sicily, on Pantelleria, Linosa and 
several seamounts in the Straits of Sicily, and at Ustica 
and other localities in the Tyrrhenian Sea. Calc-alkaline 
volcanism occurs in the Aeolian Islands to the north of 
Sicily, consisting of andesitic suites with differing 
potassium contents. The calc-alkaline products of the 
Aeolian Islands fit largely into the high alumina basalt­
rhyodacite suite (Barberi et aI, 1973). Typical lavas in 
sequence are low silica. (48-52%), porphyritic rocks with 
Al 2 0 3 values ranging from 16-19%. Potassic undersaturated 
rocks have been identified at Vulcanello (Barberi et aI, 
1973), and acid rocks, up to alkali rhyodacites, are 
found at Lipari and Vulcano. 
The Quaternary volcanism of eastern Sicily, 
represented by Mount Etna and the Iblean Mountains, is 
dominantly alkali-basaltic in character. The most basic 
products range from alkali-basalts to basanites, and the 
ti 
I 
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more differentiated types, hawaiite, mugearite, and 
benmoreite, occur on Etna. Lavas erupted during the late 
Pliocene and early Pleistocene in the vicinity of the 
Iblean Mountains are tholeiitic in character, and both 
silica under-saturated and over-saturated types occur. 
An interesting feature of th~ Iblean volcanics is the 
close association in time and space of the tholeiites 
and alkali-basalts. These two types may be produced by the 
generation of the parental magmas by partial melting at 
different depths within the mantle, or alternatively, 
by differing degrees of partial melting at the same depth 
(Green, 1973). K-Ar dates for the Iblean volcanics 
(Barberi et aI, 1974) range from 5.4 to 1.7 million 
years. Stratigraphic evidence suggests that activity in 
the vicinity of Mount Etna began about 700,000 years ago, 
during the Sicilian stage of the Upper Pleistocene 
(Cristofolini, 1973). The earliest Etnean lavas were 
olivine tholeiites, although the bulk of the volcano is 
made-up of trachybasaltic lavas. 
In the Straits of Sicily, basaltic volcanism 
occurs on the islands of Pantelleria and Linosa, as well 
as on several basic submarine volcanic centres that have 
erupted during historic time. The dominant rock-types at 
Pantelleria are alkaline and peralkaline silicic differ­
entiation products of basaltic magma, whereas at Linosa, 
the majority of the lavas are members of the alkali­
basalt suite. Both islands are located in a V-shaped 
rift in the sea-bed, Pantelleria on the floor of the rift, 
and Linosa on its margins. 
At Ustica and on several of the large seamounts 
in the Tyrrhenian basin, the lava-types are tholeiites, 
or alkali-basalts and their differentiates. 
(0) STRUCTURAL UNITS 
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Chapter 3 
THE GEOLOGY OF THE ETNA VOLCANO 
3.1 TECTONIC SETTING 
Mount Etna is located within the axial region of a broad, 
isostatically rising anticline, aligned in an east­
westerly direction (Cristofolini, 1973). Immediately to 
the south is the rapidly subsiding basin of the Plain of 
Catania. Evidence of the progressive uplift of the sub­
stratum of Mount Etna is provided by outcrops of marine 
clays of Sicilian age at an altitude of 800m on the 
eastern flanks of the volcano (Rittmann, 1973). Grindley 
(1973), estimates that at the present time, Etna is being 
uplifted at a rate of 1mm/year. 
The passage of magma to the surface is thought 
to be facilitated by strike-slip and normal faults which 
intersect the anticline (fig 3.1b). The dominant fault 
direction in the vicinity of the volcano is NNE-SSW. 
A system of normal step-faults runs in this direction, 
paralleling the coast and explaining the unusually 
straight coastline between Messina and Taormina. These 
faults are still active, as is evidenced by numerous 
earthquakes throughout historic time, and by the presence 
of young fault scarps known locally as tlTimpa tl . A series 
of ENE-WSW trending sinistral, strike-slip faults also 
cuts the anticlinal structure (Ritsema, 1969). Grindley 
(1973) notes that this fault system links the Etna volcano 
with others, including Pantelleria and Linosa, in the 
Straits of Sicily. Some fourteen active or dormant 
volcanic centres are located in thi$ area on the Pantell­
eria Rift, and appear to lie along similar NNE or ENE 
trends. The relationship on Etna between the distribution 
of adventive cones and the principal fault lines is shown 
in fig 3.1a. Inaddition to these adventive cones, 
numerous radial fissures are also present on the upper 
flanks of Etna, forming three Ilrift zones ll aligned in 
westerly, southerly, and north-easterly directions. The 
distribution of radial fissures is discussed in more 
detail in chapter 7. 
There is no intermediate or deep seismic activity 
associated with Etna, seismic shocks being shallow and 
related to the movement of magma into and within the 
volcanic edifice. There is thus little indication of 
lithospheric under-thrusting despite the proximity of the 
Aeolian Island volcanic arc. Low 87Sr/86Sr ratios indicate 
that the alkaline lavas of Etna are derived directly from 
the upper mantle (Carter and Civetta, 1977). The calc­
alkaline and alkaline lavas of the Aeolian Islands are, 
in contrast, strongly contaminated by crustal material, as 
evidenced by the presence in the lavas of xenoliths and 
xenocrysts of metamorphic rocks and minerals (Pichler, 
1967; von Honnorez and Keller, 1968). 
Grindley (1973) indicates that there is a close 
temporal relationship between the onset of volcanism on 
Etna, and the commencement of subduction beneath the 
Aeolian Islands. Activity at Etna started during the 
Sicilian stage of the Pleistocene (Rittmann, 1964), and 
in the Aeolian arc during the Sicilian and Millazian 
stages (Pichler, 1968). 
3.2 VOLCANIC HISTORY 
Volcanic activity in the vicinity of Etna is thought to 
have commenced during the Middle Pleistocene with the 
eruption of tholeiitic basalts (Cristofolini, 1973). 
These rocks probably represent less than 1% by volume of 
the total volcanic products of Etna, and are exposed in 
only two areas of the volcano. Between Adrano and S. Maria 
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di Licodia on the south-western slopes of the volcano 
(fig 3.2), tholeiitic lavas up to 25m thick form a 
distinctive scarp feature capping the highest exposed 
terrace of the Simeto river (Chester and ]uncan, 1980). 
At the base of the eastern slopes (fig 3.2), tholeiitic 
rocks form shallow intrusions and submarine flows on the 
shore between Aci Trezza and Aci Castello, and on small 
offshore islands (Cristofolini, 1973, 1975). The sub­
volcanic bodies of Aci Trezza and Aci Castello are 
intruded near the top of a Sicilian marly clay succession, 
while the lavas of the Adrano-S. Maria di Licodia area 
overlie the folded and deeply eroded sedimentary rocks 
which underlie Etna. The production of the tholeiitic 
lavas resulted from activity very different to that 
characteristic of the central-vent eruptions which prod­
uced the subsequent trachybasaltic lavas. The tholeiites 
were erupted from fissures in a coastal flood-plain 
environment. The rate of eruption was high, and the lavas 
very fluid, resulting in the formation of "plateau basaltll 
like features. Duncan (1977) suggests that the tholeiites 
were formed as a result of partial melting at depths of 
about 100km, and Carter and Civetta (1977) interpret 
their isotope data (87Sr/86Sr ratios of 0.70314-0.70332) 
as indicating that the tholeiites originated by equilib­
rium melting of a rubidium depleted source-region in the 
mantle. The tholeiitic rocks of the Adrano area are all 
olivine-bearing, but range in composition from olivine­
normative to quartz-normative (Duncan, 1977). The predom­
inantly submarine tholeiitic volcanics on the coast 
probably resulted from the same episode of magma prod­
uction (Cristofolini, 1975), but exhibit slightly 
different chemistries and mineral compositions. This is 
thought to be largely due to post-consolidation meta­
somatic alteration, following contact with sea-water or 
waterlogged sediments (Wells and Cristofolini, 1977). 
The major bulk of Etna comprises rocks of 

alkalic affinity belonging to a differentiation series 
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ranging from alkali-basalt to trachyte. Within this 
trachybasaltic series, the most commonly occurring lava 
types are hawaiites and mugearites. Alkali basalts are 
rare, although there is evidence that they were more 
important at an earlier stage in the history of the 
volcano. Condomines and Tanguy (1976) have dated alkali­
olivine basalts from a volcanic neck near Paterno (fig 
3.2) at 210,000 years B.P., by the 230Th/238U disequil­
ibrium technique. Carter and Civetta (1977) propose, on 
the basis of differing 87Sr/86Sr ratios (0.70301 for the 
Paterno alkali-olivine basalts compared with 0.70352 for 
the main trachybasaltic series), that the Paterno basalts 
are not related to the trachybasaltic activity, and 
probably occurred much earlier (less than 150,000 years 
B.P.). Since this time, all the activity has been 
confined to the production of material of hawaiitic, 
mugearitic, and occasionally benmoreitic composition. 
Magma generation of the trachybasaltic series 
is thought, by Grindley (1973), to have occurred at the 
relatively shallow depth of 35km, with a lower degree of 
partial melting than occurred during the formation of the 
tholeiites. Recent seismic work by Sharp et al (1979) has 
resulted in the identification of a low-velocity layer 
at adepth of 27km beneath Etna. This coincides reasonably 
closely with Grindleys' estimate. The average 87Sr/86Sr 
ratio value of 0.70352 obtained for the trachybasaltic 
lavas indicates that they were derived from a relatively 
Rb enriched source-region in the mantle (Carter and 
Civetta, 1977). 
There has been no progressive chemical variation 
with time of the trachybasaltic lavas, and the parental 
magma has remained fairly constant in composition, 
probably corresponding to alkali basalt/hawaiite. At some 
stages in the history of Etna however, differentiation 
has led to the eruption of mugearitic and benmoreitic 
lavas. Production of these more differentiated lavas has 
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often been accompanied by caldera collapse at the summit, 
and sometimes by the eruption of pyroclastic flows 
(Duncan, 1976; Kieffer, 1977). Kieffer (1973) suggests 
that pyroclastic flows, such as those occurring near 
Adrano on the western side of the volcano, were produced 
by "Katmaian-type lt collapse at the summit. 
The oldest members of the trachybasaltic series 
are best seen on the eastern slopes of the volcano where 
they are exposed in the many N-S trending fault-scarps 
which cut the area. Condornines and Tanguy (1976) have 
dated trachybasaltic lavas at the base of a fault scarp 
near Aci Reale (fig 3.2), at 95,000 years B.P., a result 
which suggests a substantial time-gap between the eruption 
of the tholeiitic and the trachybasaltic lavas. 
Over the greater part of the volcano, the older 
centres of trachybasaltic activity and their products 
have been obscured by younger lavas erupted from the 
present centre. Within the southern wall of the Valle del 
Bove however, the products of six ancient centres of 
activity are exposed. The oldest of these centres, 
Calanna (Klerkx, 1968, 1970), is a deeply eroded cone 
situated in the south-east corner of the Valle del Bove. 
Further west is the younger centre of Trifoglietto II, 
dated by Klerkx (1968) as being active 25,000 years B.P. 
In the high western face of the southern wall, there are 
exposed the post-Trifoglietto II rocks of the Belvedere 
(Lo Giudice et aI, 1969) and Vavalaci (Cristofolini and 
Lo Giudice, 1969) centres. Post-Trifoglietto II lavas 
have also been identified by the present author, cropping­
out on Monte Zoccolaro (fig 1.2). A largely pyroclastic 
succession overlying the Trifoglietto II and Vavalaci 
units, and exposed in the upper part of the south-western 
wall, is interpreted by the present author as represent­
ing a further centre, Cuvigghiuni. The present centre of 
activity, named Mongibello (Lyell, 1859), lies some 2km 
to the NW of the southern wall. 
, I 
; I 
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The products of three ancient centres have been recog­
nized in the northern wall of the Valle del Bove. The 
. ..... . 
eroded pyroclastic cone of Trifoglietto I (Klerkx, 1968, 
1970) is overlain by two series of lavas designated 
Ellittico and Leone (Guest and Romano, 1980). Both of 
these lava series were erupted from centres which existed 
in the vicinity of the present centre, and at which 
activity was, in both cases, terminated by caldera 
collapse. The older of the two, Ellittico, collapsed to 
produce a 3km wide caldera named the Cratere Ellittico 
(Waltershausen, 1880), which is now completely infilled 
by lavas on which the present summit is constructed. 
The Ellittico caldera is truncated by another, formed as 
a result of the collapse of the younger Leone centre. 
The latter caldera, the Valle del Leone, is still being 
infilled by lavas and pyroclastic material from the 
present centre, and is in turn truncated by the Valle del 
Bove. 
It is proposed by the present author (chapter 4), 
on the basis of lava chemistry and structural relation­
ships, that the Vavalaci lavas exposed in the southern 
wall, and the Ellittico lavas cropping-out in the northern 
wall were erupted from the same centre. It is also 
proposed that the Belvedere lavas and Leone lavas origin­
ated at a single centre. Fig 3.3 shows the location of 
the centres of ancient trachybasaltic activity in the 
vicinity of the Valle del Bove and the present summit 
area, and fig 3.4 displays an idealised cross-section 
through the volcano produced by Cristofolini (1975) prior 
to this study. 
Tracing the migration with time of the primary 
centre of activity on Etna has proved difficult due to the 
lack of exposure of the older volcanics. Klerkx (1968, 
1970) suggests that each ancient volcanic centre recog­
nized in the Valle del Bove, represents a primary centre 
of activity, similar in nature to Mongibello, and post­
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of this activity, 
suggested 
existed in 
a relatively 
ulates an east-west migration with time 
from Calanna to Mongibello. Lyell (1859) however, 
that the primary site of activity had always 
the vicinity of the present centre, except for 
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short period during which a second centre, Trifoglietto II, 
developed further to the east. 
It is proposed by the present author that no 
overall migration scheme for the whole of Etna, should be 
advocated simply on the basis of the studies carried-out 
on the ancient centres of activity exposed in the Valle 
del Bove. Only a very small percentage of the older volc­
anic products of Etna are visible, and other ancient 
centres may lie completely buried by recent lavas to the 
west and north of the present summit. 
Profiles through the volcano (fig 3.5) exhibit 
pronounced asymmetry, suggesting that much more material 
has been erupted in the vicinity of the Mongibello centre, 
than elsewhere on the volcano. Reconstruction of the 
Trifoglietto II cone (chapter 4) suggests also that the 
Etna volcanic pile had grown to a height of 1300m above 
sea-level before the Trifoglietto II centre became active. 
It is proposed that the Calanna, Trifoglietto I, and 
Trifoglietto II centres, all represented distinct phases 
in the construction of the volcanic edifice, during which 
successful eccentric cones became the primary centres of 
activity. 
Several extensive volcani-clastic levels are 
present within the trachybasaltic succession on Etna, and 
are particularly well exposed between the Valle del Bove 
and the sea. The great majority are post-Trifoglietto II 
in age, and are related to the last phases of activity of 
the Trifoglietto II centre and the formation of the Valle 
del Bove. Kieffer (1970) has dated the youngest of these 
levels at about 5000 years B.P., and they are discussed 
in more detail in chapter 8. 
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3.3 HISTORIC ACTIVITY 
Throughout historic times, Etna has exhibited two main 
types of eruptive activity (Wadge et aI, 1975). Persistent 
activity, during which lava is erupted almost continuously 
over a long period and at a low rate (O.09m3sec-1 was 
estimated by Wadge et aI, 1975, for the period 1759 to 
1975), and periodic activity, which involves the eruption 
of lavas at a higher rate (O.17m?sec-1 over the same 
period, Wadge et aI, 1975) but over a shorter time. 
Persistent activity occurs at the summit or at 
high-level vents, whereas periodic activity occurs lower 
down on the flanks. In the case of flank eruptions, 
activity may be purely effusive, with degassing taking­
place at the summit, or it may be partly explosive leading 
to the growth of parasitic ash and scoria cones on the 
flanks. 
There is a fairly complete record of flank 
eruptions from the early sixteenth century to the present 
day (Guest and Romano, 1980; Romano and Sturiale, 1975). 
Wadge et al (1975) have identified the following four 
phases of activity over this period (fig 3.6) : ­
1535-1610 Activity characterised by a low 
effusion rate due largely to persistent summit activity. 
1610-1669 A high rate of lava production from 
flank eruptions (0.83m3sec-1). No persistent activity at 
the summit. 
1669-1763 Low effusion rate, largely persistent 
summit activity. No flank activity. 
1759-1975 Uniform moderate effusion rates of 
0.26m3sec-1 (total flank and persistent activity). 
Wadge et al (1975) suggest that the pronounced 
flank activity between 1610 and 1669 resulted in the under­
mining of the summit area. During 1669~ a caldera collapse 
occurred at the summit, ending the high level of flank 
activity and forming the Cratere del Piano (fig 3.3). The 
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absence of flank activity throughout the following 
century was probably due to the infilling of this caldera. 
It is probable that most occurrences of persistent and 
periodic activity are related in some way (Guest, 19(3). 
During both the 1964 and 1971 eruptions, persistent 
activity at the summit ceased. Wadge et al (1975) have 
put forward three possible models which attempt to link 
the two types of activity. 
In model 1, input of magma into the volcano 
takes place at a uniform rate and two magma reservoirs 
are envisaged within Etna, each emptying and filling 
independently of the other. The smaller reservoir, which 
is estimated to have a capacity of about 50x106m3 , 
partially or totally empties during normal flank eruptions 
to
approximately once every ten years. In conFast, the 
second, much larger reservoir takes hundreds of years to 
fill. The emptying of this reservoir last took place in 
1669, resulting in increased flank activity and caldera 
collapse of the summit following the draining-out of 
magma from beneath. 
Model 2 also visualises magma entering the 
volcano at a uniform rate, but requires the existence of 
only one reservoir. In this model, the height of the 
volcano largely determines the nature of the eruptive 
activity. Persistent activity at the summit results in 
a steady leakage of magma, which inc~eases the height of 
the volcano and so lowers the hydrostatic pressure in the 
magma at the summit. This in turn leads to a reduction 
in persistent activity and magma is stored instead, 
resulting in the inflation of the volcano. Flank eruptions 
are then more likely to occur, causing the drainage of 
the reservoir and caldera collapse. Unfortunately, the 
height of the volcano has changed little over at least 
the _last 120 years. 
Finally, a simpler model relates changes in the 
character of the activity to a varying rate in the input 
of magma entering the volcano. Such a model envisages 
a particularly high input during the seventeenth century 
to explain the very pronounced flank activity. 
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Chapter 4 
THE GEOLOGY OF THE 
SOUTHERN WALL OF THE VALLE DEL BOVE 
4.1 INTRODUCTION 
The southern wall of tbe Valle del Bove extends westward 
from tbe town of Zafferana for a distance of some Skm to 
tbe site of the 1763 eruption, Montagnola. Here, it curves 
northward to end 3km east of tbe present summit in steep 
rock-buttresses known as the Serra Giannicola (Plate 4.1, 
fig 4.1). 
The first significant contributions to the study 
of the geology of the southern wall were provided by two 
nineteenth-century geologists, Charles Lyell and Sartorius 
von Waltershausen. The latter produced a series of volumes 
on the geology of the volcano (1880) in wbich he postulated 
the former existence of an old centre of activity within 
the Valle del Bove, noting that several~~n the southern 
wall converged on a point in the Piano del Trifoglietto. 
Lyell (1859) observed that tbe units of lava, scoria and 
asb exposed in the soutbern ,wall dipped outward from a 
point within the depression, and came to the independent 
conclusion that an ancient centre of eruption had existed 
m:tdway between Monte Zoccolaro and the Serra Giannicola. 
Tbis centre, named Trifoglietto by Lyell (1859), was 
renamed Trifoglietto II by Klerkx (1968, 1970) 
Prior to this study, tbefollowingstratigraphic 
·e:\:ilccession was establisbed for tbe,rocks exposed in the 
'fhoutbern wall of the Valle del Bove : ­
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The southern wall of the Valle del Eove as viewed fro m 

Montagnola , looking east . In the fore ground is an out­

crop of the Cuvigghiuni agglomerates. 
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Mongibello (Lyell, 1859) 

Belvedere (Lo Giudice et aI, 1969) 

Vavalaci (Cristofolini and Lo Giudice, 1969) 

Trifoglietto II (Klerkx, 1968, 1970) 

Calanna (Klerkx, 1968, 1970) 

The present author establishes the existence of two new 
. - . .. .. 
volcanic units, Zoccolaro and Cuvigghiuni, and adopts a 
threefold division of the lavas erupted by the Trifog­
lietto II centre. 
The products of the different ancient centres 
of activity exposed in the southern wall are distinguished 
from one another largely on the basis of their structural 
relationships. In many cases, the products of a younger 
centre overlie older lavas with a pronounced unconformity. 
The differing petrographic characters of the rocks also 
help in distinguishing the products of one centre from 
those of another. The term volcano-structural unit, used 
throughout this thesis, is defined as encompassing all 
the material produced by a particular centre of volcanic 
activ~ ty'_(e ..gMoIl~ibello or Trifoglietto II). The term 
volcano-lithostratigraphic unit is also used. This defines 
a body of material which represents a specific type or 
phase of activity in the eruptive history of a particular 
centre. For example, a series of thick lavas or a sequence 
of ashes. Volcano-lithostratigraphic units are differen­
tiated solely on the basis of their appearance in the 
field. In some instances, as a result of the uniformity 
of the type of volcanic rocks produced, a volcano­
structural unit may comprise only a single volcano-lithos­
tratigraphic unit. 
4-.2 STRUCTURE AND STRATIGRAPHY 
Table 4.1 shows the proposed stratigraphy for the southern 
wall of the Valle del Bave, and fig 4.2 the relationship 
between lithostratigraphic and structural units for 
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Table 4.1 d 
-_.-.--------_._ .. _...._.. _-".-....... _........._ ..- -, ............. --_..._-, Ii 
iVOLC-STRUC. UNIT VOLC-LITHOSTRAT. UNIT 
'11 
MONGIBELLO (LAVAS)1-------_._------_.--.--....- ....---.-, .. ,., ..... ---- -----­
BELVEDERE (LAVAS) !1---------.-..---.-----.--..--._-----.---" ... -----1 
I 
CUVIGGHIUNI (PYROCLASTICS) ! 
~---------------------
VAVALACI 
bD ZOCCOLARO 
>=i 
.r-! 
IJ) 
cO 
Co 
H 
o 
>=i 
.~ I TRIFOGLIETTO II 
.-I 
.-I 
cO 
H 
(J) 

>=i 

--~--------~ 
(LAVAS) 
(LAVAS) 
UPPER LAVA GROUP 
MIDDLE LAVA GROUP 
LOWER LAVA GROUP 
PYROCLASTIC SEQUENCE I 
(J) ~-----.-----------t------_---__-- .. 
c.2J AGGLOMERATES
11 CALANNA SCORIAE AND ASHES 
---___1 
i 
i 
I 
I 
different sections of the southern wall. The various 
units are discussed in detail below, and their distrib­
utions shown in fig 4.3. Maximum thicknesses of the units 
are shown in brackets : -
Mongibello (100m) 
Mongibello is the name given to the present primary 
centre of activity on the volcano, and consequently the 
lavas dip away from the present summit (at between 10° 
and 200 ). The unit is characterised by the presence of 
thin (less than 3m), hawaiitic lava units intercalated 
with scoria. The l~vas dip E or ESE and overlie the 
Belvedere unit. 
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Belvedere (300m) 
Thick (5-10m), generally horizontal or northerly dipping 
lavas, ranging from hawaiite to benmoreite in composition. 
The lavas make-up steep rock buttresses on the western 
part of the southern wall in the vicinity of the Serra 
Giannicola. 
Cuvigghiuni (~OOm) 
Previously combined with the Vavalaci unit (La Giudice et 
aI, 1974) but established as a separate unit by the 
present author. The Cuvigghiuni unit comprises a succession 
of scoria, ash and agglomerate exposed in the cliff walls 
beneath Montagnola. The unit is interpreted by the present 
author as representing part of a pyroclastic cone. The 
Cuvigghiuni pyroclastics rest unconformably upon the 
Vavalaci lavas and the Trifoglietto II pyroclastic 
sequence. 
Vavalaci (275) 
Thin (1-1.5m) hawaiitic to mugearitic lavas, dipping 
towards the S or SE off the flanks of the Trifoglietto II 
cone. Dip values range from 150 to 400 • 
Zoccolaro (75m) 
Thin (less than 1m), vesicular, basic mugearitic lavas 
capping the summit of Monte Zoccolaro, and dipping east­
ward at between 200 and 30o~ The Zoccolaro lavas lie 
unconformably upon the Upper and Middle Lava Groups of 
Trifoglietto II. 
Trifoglietto II 
The products of this centre, divided-up into "scoria" and 
!llavasl! by Klerkx (1968, 1970), are further subdivided; ­
The ..f.yro.sl.astis .l3~quenc~ (300m) 
The scoriae and ashes of Trifoglietto II make-up the lower 
part of the cliffs of the southern wall (Plate 4.2). The 
lower levels of the exposed succession are largely made-up 
of welded scoria, occasionally intercalated with thin, 
mugearitic lavas. The upper levels comprise mostly ash and 
47 
Pl ate 4 . 2 

The pyr oclastic leve l s of the Trifogl ietto II centre, 

dipping radial ly outward from a point within the Valle 

de l Bove . 
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and non-welded scoriao The pyroclastics dip radially 
outward from a point halfway between Monte Centenari and 
the southern wall. Dip values vary between 20 0 and 500 • 
1h~ _L~v2 §~q.~egc_e (675m) 
The Trifoglietto II lavas generally dip towards the SWat 
values of between 100 and 500 • These lavas, intercalated 
with scoria, make-up the entire outer slopes of the south­
ern wall between the Valle del Tripodo in the west, and 
the town of Zafferana in the east. The lavas are divided 
petrographically into three groups : ­
(i) The Lower Lava Group (150m). Mugearitic lavas, 
characterised in the field by their leucocratic appear­
ance, and the presence of large pyroxene phenocrysts. 
(ii)The Middle Lava Group (400m). Basic mugearites, 
distinguished in the field from the members of the Upper 
and Lower Lava Groups by their lack of any large pheno­
crysts. These lavas are volumetrically the most abundant 
of the Trifoglietto II lavas. 
(iii) The Upper Lava Group (125m). Basic mugearitic 
lavas, distinguished in the field from members of the 
older Lower and Middle Lava Groups by the presence of 
large zoned feldspar phenocrysts. 
Calanna (Undetermined Thickness) 
The oldest centre identified in the southern wall. The 
eroded remnants of the Calanna cone are unconformably 
overlain by the lavas of the Trifoglietto II Middle Lava 
Group. The products of the Calanna centre are divided 
into two groups by the present author : ­
. . . 
The Agglomerates - Altered and highly fractured 
---~-------
agglomerates and breccias, cut by dykes and sills of 
hawaiitic composition. These rocks crop-out only on Monte 
Calanna. 
The Scoriae and Ashes - Isolated, steeply
- - - - - -. - - - -, - ­
dipping (50°) outcrops of scoria and ash, present in the 
southern wall of the Valle di Calanna and in small 
dagalas to the north and west of Monte Calanna. 
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Faulting 
step-like scarps, often several metres high, are seen in 
the recent lavas infilling the Valle del Eove (fig 4.4). 
Klerkx (1968) has suggested that these are the surface 
expressions of underlying faults caused by the rapid 
uplift of the volcano. These scarps do not, however, 
continue as faults in the southern wall, and it is 
suggested by the present author that they are due to t.he 
presence of faults confined to the floor of the depression 
and caused by the seaward movement of the material within. 
Faulting is rare in the southern wall of the 
Valle del Bove, and only occasional N-S trending normal 
faults, with down throws of a few metres towards the sea 
(east) are seen. The agglomerates exposed at Monte 
Calanna exhibit extensive fracturing on a small scale. 
Minor "thrust planes" of the order of a few metres in 
length can be seen in some of the finer, altered pyro­
clastic material, and the dykes present are shattered 
and cleaved. This fracturing is a local phenomenon, and 
probably occurred in the proximity of the Calanna vent 
area during activity at that centre. 
4.3 THE CALANNA CENTRE 
The Calanna centre is the oldest centre of activity 
identified in the Valle del Bove. No absolute age has 
been obtained for the Calanna rocks, although this must 
lie between the 25,000 years B.P. date obtained for lavas 
within the Trifoglietto II sequence (Klerkx, 1970), and 
the 95,000 year B.P. date obtained for the early trachy­
basaltic lavas exposed to the south-east near Aci-Reale 
(Condomines and Tanguy, 1976). The strongly eroded nature 
of the cone, and the ?ronounced unconformity between the 
Calanna rocks and the overlying Trifoglietto II lavas, 
suggests that a considerable time-gap separates the 
activity of the two centres. 
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The original cone has been eroded to the extent 
of leaving only isolated remnants of the initial structure 
intact (fig 4.5). The largest of these is Monte Calanna 
(Plate 4.3), a steep-sided hill rising some 200m above 
the floor of the Valle di Calanna. Further remnants crop­
out beneath the Trifoglietto II Middle Lava Group in the 
southern wall of the Valle di Calanna, and appear in 
small "windows ll or dagalas in the more recent Mongibello 
lavas to the south and west of Monte Calanna. 
Klerkx (1970) describes the Calanna cone as 
being composed almost entirely of scoria. Close invest­
igation, however, discloses the presence of two distinct 
lithological units; one comprising a succession of scoriae Ii li 
and ashes, and the other made-up of agglomerate. 
The agglomer~tic rocks are confined to Monte 
Calanna, and to adjacent dagalas to the west. The rocks 
are distinctive, being made-up of angular or sub-angular 
fragments of lava in a friable yellow or brown matrix i !: 
of clay-like consistency. The size variation of the frag­ 'I II 
',Iments is great, ranging from blocks 50cm across, down to I 
'I 
microscopic fragments less than 1mm in diameter (Plate I 
4.4). Some variation is seen in the petrographic nature 
of the clasts. These may be of a feldS'par-phyric type, I 
i 
or be less porphyritic with a greater number of olivine 
clinopyroxene phenocrysts present. No bedding is disting­
uished within the agglomerates although they do exhibit 
a highly shattered nature. Small-scale fracture planes 
are common, usually irregularly spaced and often only 
1 or 2cm apart. Minor thrust planes within the altered 
matrix indicate localised compressional movements. The 
intrusions within the agglomerates are similarly affected 
by such fracturing. 
A combination of hydrothermal alteration and 
later weathering has resulted in the breakdown of the 
lll?-trix material forming clay min~;:wa::\.s ot:. ull.lji:~te,3r.'mi:!9ted. 
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Plate ~ . 3 
Monte Cal anna , the largest remnant of the strongly 
eroded Cal anna centre . 
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Plate 4.4 
Photomicrograph of the Calanna agglomerate, showing the 
irregular shapes of the clasts. 
Scale; O_________O.25mm approx. 
composition, and producing a soft, friable rock of 
yellow-ochre or reddish-brown colouration. The fragments 
present in the matrix have suffered less alteration and 
undergone little weathering. Fragments of only 1cm or 
less are generally quite fresh. Smaller fragments are 
often surrounded by a zone of opaque material which may 
be haematite or limonite formed as a result of weathering. 
Individual mineral grains make-up the smallest fragments 
present in the agglomerates. These are rarely entire, 
and usually comprise fracture-bounded fragments of plag­
ioclase, clinopyroxene and olivine phenocrysts. 
The agglomerates are interpreted by the present 
author as being vent produced, and Monte Calanna is seen 
as representing an upstanding volcanic-neck remaining 
after the erosion of the scoriae and ashes on the flanks 
of the cone. Small, intrusive bodies penetrate the 
agglomerate sequence on Monte Calanna. Poor exposure, 
and the shattered nature of the intrusive rocks, generally 
make it impossible to determine whether they are dykes 
or sills, and many crop-out as irregularly-shaped upstand­
ing blocks 5m or 10m high and a few metres across. Two 
sheet-like intrusive bodies are, however, observed within 
the agglomerate, dipping southward away from Monte Calanna 
at 300 • 
The scoriae and ashes produced by the Calanna 
centre and'exposed in isolated outcrops to the south and 
north of Monte Calanna, have escaped the shattering and 
alteration which affected the agglomerates in the vent­
area. In the southern wall of the Valle di Calanna, these 
rocks dip towards the B or BE at angles of between 250 
and 500 • To the north of Monte Calanna, the rocks are 
also pyroclastics, although poor exposure prevents the 
determination of reliable dip directions. The succession 
as exposed in the southern wall of the Valle di Calanna, 
consists of alternating levels of COarse ash and welded 
or non-welded scoria. No lavas have been identified, 
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although some large (30cm), angular blocks present may 
represent fragments of pre-existing lava or intrusive 
rock ejected during eruption. The ashes are pale brown 
in colour, and composed of shards of brown volcanic 
glass and phenocryst fragments of plagioclase, olivine 
and clinopyroxene. Individual ash horizons vary in thick­
ness between a few centimetres and 2m. 
Units of welded vent scoria are common within 
the succession, and may be up to 5m or 6m thick. Indiv­
idual scoriaceous blocks are commonly between 2cm and 
10cm in diameter, although larger blocks are present. 
Smaller (2-3cm), non-welded scoriaceous fragments are 
often associated with ash levels, where they may form 
thin (10cm) horizons of scoria,or be distributed irreg­
ularly throughout the ash unit. 
Lavas cropping-out near the foot of the south­
eastern slopes of Monte Calanna have been identified as 
belonging to the Middle Lava Group of Trifoglietto II. 
These lavas are basic mugearites whereas all the Calanna 
rocks analysed have proved to be hawaiites. No alter­
ation or shattering is evident in these lavas, which dip 
northward and are banked-up against the agglomerates of 
the Calanna centre. The lavas are interpreted by the 
present author as representing the northern part of a 
series of flows, which engulfed the already strongly 
eroded remnants of the Calanna cone, and wh~ch have been 
separated from the bulk of the Trifoglietto II lavas in 
the southern wall by the formation of the Valle di 
Calanna (fig 4.6). 
4.4 THE TRIFOGLIETTO II CENTRE 
The Trifoglietto II centre is interpreted as representing 
a distinct phase in the construction of the Etna volcano, 
when a successful eccentric cone became the primary centre 
for a period between 20,000 and 25,000 years B.P, after 
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which activity returned to the vicinity of the present 
centre with the construction of the Ellittico-Vavalaci 
cone. 
Trifoglietto II is the largest ancient centre 
of activity in the Valle del Bove. Detailed cliff sections 
(fig 4.7) show that the activity of the centre may be 
divided into an initial explosive cone-building episode 
with a high pyroclastic to lava ratio, followed by an 
effusive period during which little pyroclastic material 
was produced. During the earlier phase, 79% by volume of I! 
I 
the rocks are pyroclastics, this figure dropping to 5% in 
the effusive phase. Several types of explosive and effusive 
activity are recognised in the construction of the Trif­
oglietto II centre (Table 4.2), each characterised by its 
own distinctive products. 
The Explosive Products 
The products of the explosive cone-building phase of 
activity form an oval outcrop some 3km long by 2km wide, 
which is elongate in an E-W direction. The exposed 
succession is thickest in the west, with a maximum thick­
ness here of 300m. Dip values average 300 to 350 along 
the inner cliffs of the southern wall, but further south, 
where the scoria levels are re-exposed in the Valle del 
Tripodo at the foot of the outer slopes of the southern 
wall, these values drop to 200 indicating a flattening­
out of the flanks of the cone. The E-W elongate shape of 
the cone suggests that it was constructed by the activity 
of more than one vent; probably a series of vents aligned 
in this direction along a fissure, with the most active 
or longest-lived vent situated in the west. Some check on 
the size of the Trifoglietto II cone is provided by the 
fact that no Trifoglietto rocks crop-out in the northern 
wall of the Valle del Bove (Guest and Romano, 1980). The 
extrapolation of dip directions and values on the scoria 
and lava levels, enables a cross-section through the cone 
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SUMMARY OF VOLCANIC ACTIVITY EXHIBITED BY THE 

TRIFOGLIETTO II CENTRE. 
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to be obtained, suggesting an approximate height for 
the Trifoglietto II centre of between 2500m and 2600m 
above sea-level (fig 4.8). 
The phase of cone construction was dominated 
by the production of scoria, often with the additional 
output of accessory material representing fragments of 
pre-existing lavas. Occasional thin (1m) lavas, often 
discontinuous, are quite common in this succession, 
probably representing periods when lava reached the top 
of an open vent, and dribbled over the edge for a short 
distance. Occasional thicker lava flow units (up to 5m) 
are present in the explosive phase succession. These are 
pale grey, mugearitic lavas containing few phenocrysts. 
The pyroclastic products produced during the 
explosive cone-building phase of the Trifoglietto II 
centre are discussed in detail below : ­
SC2rj~ - The scoriaceous material may be 
divided into two types 
(i) Welded Scoria, in which the scoriaceous frag­
ments have become welded to one another upon contact. 
Welded scoria occurs at the top and bottom of flow units, 
although the majority originated at the vent. The out­
crops of vent scoria are most common in the lowest 
exposed levels of the cone, particularly to the west of 
the Valle degli Zappini. Such deposits may be up to 20m 
thick, and commonly contain broken lava blocks, thin 
flow units, and discontinuous lava lenses (Plate 4.5). 
Occasional ash intercalations or pockets may occur, but 
are usually thin (less than 1m) and limited in extent. 
Individual scoriaceous fragments average between 5cm and 
10cm in diameter, and often exhibit a deep red colour­
ation due to weathering or alteration. Hydrothermal 
alteration has resulted in the breakdown of the feldspar 
phenocrysts forming aggregates of clay-like minerals of 
undetermined composition. 
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(ii) Non-welded Scoria Non-welded scoria fragmentso 
accompany lava blocks within a non-stratified ash matrix, 
at several levels in the pyroclastic succession. Small 
scoriaceous fragments (less than 5cm) are also commonly 
found in the stratified ash horizons. It is proposed by 
the author, that the non-welded scoria was ejected during 
more explosive eruptions characterised by a high gas 
content. The more violent nature of the eruptions is 
evidenced by the association of the scoria with large 
lithic blocks, and fine ash which may have originated 
from the pulverisation of material during ejection. It lS 
suggested that the eruptions which produced the non­
welded scoria were more phreatic in nature than those 
which resulted in the production of welded scoria. 
The Ashes 
Extensive, thick (up to 18m), air-fall ash horizons are 
exposed within the Trifoglietto II succession. All the 
deposits are indurated. Colour ranges from grey to pale­
brown, dep~ding on the amount of weathering or alteration 
which they have undergone. Grain-size is variable, from 
a coarse lTsandyrl ash consisting of small scoriaceous 
fragments, glass shards and phenocrysts of clinopyroxene 
and plagioclase, to a much finer white or grey ash. Two 
types of ash deposit are recognised: ­
(i) The Stratified Ashes. Horizons of well strat­
ified ash, up to 5m thick, are present tnro,,",hoUoc-:succession, 
Usually characterised by layers of sandy ash alternating 
with bands in which small scoriaceous fragments are 
common (Plate 4.6). These coarser bands were probably 
formed by wind deflation, which removes the fine material 
from the surface leaving a deflation pavement, upon which 
the next eruption may deposit another layer of air-fall 
ash. Such processes operate at present on the ash-covered 
upper flanks of Etna. Fluvial reworking of the ashes by 
surface runoff is suggested by the presence in some of the 
ash horizons of small-scale cross-bedding, of the order 
il 
I 
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Plate 4-.5 
Thin lava units within a succession largely composed 
of welded vent scoria. Trifoglietto II pyroclastic 
sequence below the Valle degli Zappini. 
Plate 4-.6 
Stratified ash horizon within the Trifoglietto II 
pyroclastic sequence, O.5km Wof Monte Zoccolaro. 
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of 20-30cm. 
(ii) The Non-stratified Ashes. Large, angular 
lava blocks, sometimes 2m across, are found in a matrix 
of fine, grey, non-stratified ash. Fresh magmatic material 
is rarely associated with these deposits, which may be up 
to 25m thick. Such deposits are interpreted by the author, 
as having been formed during periods of violent phreatic 
or phreato-magmatic activity, the ashes being formed by 
the pulverisation of material during its explosive 
ejection from the vent. 
Ash samples from the Trifoglietto II pyroclastic 
sequence near the Valle del Tripodo have been collected, 
together with others from ash units overlying the Trifog­
ietto II Middle Lava Group south of Monte Pomiciaro, and 
ashes resting upon the Vavalaci lavas 2km SE of Montagnola. 
Microscopic examination of the ashes shows that they do not 
resemble the curved or glassy droplets produced by historic 
strombolian eruptions on Etna (Plate ~.7). These latter 
ashes, termed l1 achneli ths II by Walker and Crodsdale (1972), 
posess shapes which are largely controlled by the effects 
of surface tension on the droplets whilst still molten. 
The Trifoglietto II and Vavalaci ashes are made-up of 
phenocryst or glass fragments and clasts bounded by frac­
ture planes, and posessing a highly irregular morphology 
(Plate 4.8). These characteristics resemble those noted by 
Walker and Cro~sdale (1972), in ashes produced by 
eruptions occurring through seawater on Surtsey, Iceland. 
The more violent nature of these phreatic Surtseyan 
eruptions, results in the more highly fragmented nature of 
the ashes, which in turn produces a greater proportion 
of smaller particles than are present in their strombolian 
counterparts. The particle sizes of the Trifoglietto II 
and Vavalaci ashes closely resemble those of the ashes 
produced in the surtseyan phreatic eruptions, and sieve­
analysis indicates that they lie in the same field as the 
surtseyan ashes as plotted by Walker and Croasdale (1972) 
(fig ~.9). 
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Plate 4.7 
ITAchnelithic lT strombolian ashes erupted from the NE 
Crater of Etna. Note the curved or rounded surfaces 
determined by surface tension. 
TlPhreatic II or "phreato-magmatic II ashes erupted by the 
Trifoglietto II centre. Note the irregular, fracture­
bounded sh~pes of the grains. 
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A COMPARISON BETWEEN SIEVE ANALYSES OF STROMBOLIAN a 
SURTSEYAN ASHES FROM ICELAND (WALKER 8: CROESDALE, 1972) 
a ASHES ERUPTED BY THE VAVALACI a TRIFOGLIETTO II CENTRES 
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FIg. 4-9 
It is proposed by the present author that the 
distinctive features exhibited by the Trifoglietto II 
and Vavalaci ashes, are caused by their eruption through 
snow, ice, or water-saturated pyroclastic material. Both 
centres were active during the Wurm glaciation, when the 
Etna permanent snow-line was substantially depressed 
(Budel, 1949). The significance of these ash deposits is 
discussed further in chapter 8. 
The Effusive Products 
The effusive phase is initiated by a sudden drop in the 
level of production of pyroclastic material, accompanied 
by the appearance of numerous, thin (1m) lava flow units. 
These may at first be separated by up to 5m of vent 
scoria. As the thin flows are succeeded by thicker, more 
massive flows however, the amount of vent-produced 
pyroclastic material diminishes virtually to zero. 
The current land surface coverage of the Trif­
oglietto II lavas amounts to approximately 8km2 • The 
majority of the products of the effusive phase crop-out 
in the eastern and central parts of the southern wall. 
To the west of the Valle del Tripodo, only occasional 
thin flows occur within the pyroclastic sequence. The 
main body of the lavas thus appears to have been select­
ively erupted on the southern and eastern flanks of the 
Trifoglietto II cone. Some lavas may have flowed towards 
the north or north-east, although if originally present, 
these must have been of limited extent as they do not 
crop-out in the northern wall (Guest and Romano, 1980). 
At the col of the Valle degli Zappini, the 
lavas become common towards the top of the pyroclastic 
sequence some 50m beneath the summit of the ridge. The 
lavas are thin, 1-2m thick, and alternate with vent 
scoria. Higher in the succession, these thin lavas 
increase in number and thickness so that the entire 
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ridge of the southern wall from the Valle del Tripodo 
to Monte Zoccolaro, is capped by massive flow units each 
up to 6m thick • 
. Excepting the thin flows present in the pyro­
clastic sequence, the earliest lavas erupted from the 
Trifoglietto II centre are those which crop-out beneath 
the Valle degli Zappini and Monte Zoccolaro. This 
distinctive Lower Lava Group is thickest (150m) beneath 
Monte Zoccolaro, and appears to be the most limited in 
extent of the Trifoglietto II lavas. The flow units are 
characteristically massive, up to 5m thick, and POSftSS 
little scoriaceous material between flows. Outcrops 
exposing the tops of individual flow units are rare, 
although where seen, the flow surfaces exhibit some 
pahoehoe structures suggesting that the lavas were rel­
atively fluid during their eruption. The lavas are 
mugearites, and characteristically leucocratic and 
porphyritic, containing black clinopyroxene phenocrysts 
up to 3cm long. The excellent state of preservation 
enables sampling to be accomplished rapidly and easily. 
The lavas comprising the Middle Lava Group 
are the most extensive as regards land surface coverage, 
extending from Zafferana to the Valle del Tripodo. The 
lavas are thickest to the SE of Monte Pomiciaro, where 
in places they are 400m thick. At the col of the Valle 
degli Zappini these lavas first appear 185m above the 
floor of the Valle del Bove. Between this point and the 
top of the ridge (270m above the floor), twenty flows 
are located ranging in thickness from 0.5 to 2m. These 
are separated by thin (1m) bands of welded scoria repres­
enting the clinkery surfaces and bases of successive aa 
flows. In addition, the presence of greater thicknesses 
of scoriaceous material, only partially welded or non­
welded and accompanied by ash and lava blocks, indicates 
continuing explosive activity at the Trifoglietto II 
vents. To the west of the Valle degli Zappini, flow units 
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of the Middle Lava Group appear in the succession about 
230m above the floor of the depression, and persist 
upwards for some 75m to the summit ridge of the southern 
wall. Here, however, they are capped by a 20m thick series 
of thicker (3-4m), more massive flow units of similar 
petrographic appearance. Traversing from west to east, 
the flows of the Trifoglietto II Middle Lava Group overlie 
in turn, the pyroclastic sequence of Trifoglietto II, 
the Lower Lava Group, and the pyroclastics and agglom­
erates of the Calanna centre, the latter with pronounced 
unconformity. The flows making-up the Middle Lava Group 
are basic mugearites, and darker in colour and less 
porphyritic than the mugearites of the underlying Lower 
Lava Group. Individual flow units are thinner, and posess 
the rubbly, scoriaceous surface characteristics of aa 
flows. 
The last lavas to be erupted by the Trifoglietto 
II centre, together make-up the Upper Lava Group. They 
are more limited in land surface coverage than the Middle 
Lava Group flows which they conformably overlie, and they 
cap the outer slopes of the southern wall from the Valle 
degli Zappini to beyond Monte Zoccolaro. The maximum 
thickness attained by the Upper Lava Group is 125m. Indiv­
idual flow units are characteristically thick, often 3-4m, 
and massive. All the lavas are basic mugearites, and are 
highly feldspar-phyric, containing plagioclase phenocrysts 
up to 1cm across. Exposed flow surfaces are less scoriace­
ous than those of the Middle Lava Group flows, and the 
relatively smooth, spinose surfaces, together with the 
occasional presence of "ropes", suggests a more fluid lava 
of pahoehoe type. 
Volume estimates for the Trifoglietto II lava 
groups are given in Table 4.3. These values are highly 
approximate due to the obscuring effect of more recent 
lavas, and the removal of an unknown amount of the Trif­
oglietto II lavas during the formation of the Valle del 
Bove. 
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Table 4.3 	 VOLUME ESTIMATES FOR THE TRIFOGLIETTO II 
LAVA GROUPS. 
UPPER LAVA 	 GROUP 2.25x108m3 
MIDDLE LAVA GROUP 	 1.60x109m3 
LOWER LAVA 	 GROUP 2.50x107m3 
4.5 THE POST-TRIFOGLIETTO II UNITS 
Vavalaci. The name Vavalaci was given by Crist­
ofolini and Lo Giudice (1969) to a series of lavas and 
pyroclastics which overlie the Trifoglietto II volcanics 
in the southern wall. Cristofolini and Lo Giudice (1969) 
have also suggested that the same lavas crop-out on the 
lower western flanks of Etna, in the areas around the 
towns of Adrano and Biiancavilla. 
A close examination of the volcanic products 
making-up this unit and exposed in the southern wall, 
shows that it can be divided on the basis of structure 
and lithology into two. A lower unit consisting of a 
succession of lava flow units, and an upper unit compris­
ing pyroclastic materials. The pyroclastic deposits make­
up part of a cone which rests upon the lavas. This unit, 
which clearly post-dates the lavas, is given the name 
Cuvigghiuni by the present author, the name Vavalaci 
being retained only for the older lava unit. 
The Vavalaci lavas rest on the Trifoglietto II 
pyroclastic sequence in the western part of the southern 
wall, and on the Trifoglietto II Middle Lava Group in that 
part of the southern wall near the Valle del Tripodo. Dip 
directions are generally aligned due south, although 
several W or SW dips are recorded near the Valle del Trip­
odo. Dip values range from 150 to 400 , with an average 
value of about 250 • The Vavalaci unit attains a maximum 
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thickness of 275m about 1km east of Montagnola, the 
succession thinning and finally wedging-out further 
northward. Individual flow units within the succession 
are generally thin, on average between 1m and 1.5m, 
although thicker units (up to 3m) crop-out along the edge 
of the southern wall in the vicinity of the Valle del 
Tripodo. The flows are aa in character, posessing rubbly, 
scoriaceous surfaces and bases, and exhibiting low vesic­
ularity. No pyroclastic material is evident within the 
Vavalaci succession. The lavas range in composition from 
hawaiite to mugearite, and the majority of the analysed 
rocks are hawaiites or basic mugearites. 
Cuvigghiuni. The scoriae, ashes and agglomer­
ates making-up the Cuvigghiuni pyroclastic sequence, rest 
unconformably upon the Vavalaci lavas, and the NW flank 
of the Trifoglietto II centre. The outcrop pattern is 
interpreted as representing an oblique section through a 
large cone (approximately 1.5km across at the base) which 
must have existed almost directly beneath the more recent 
Montagnola vent. For comparison, the largest pyroclastic 
cone occurring on the flanks of the present Mongibello 
centre (Monte Frumento delle Concazze), is just over 1km 
across at the base. Local unconformities are present in 
the pyroclastic materials making-up the Cuvigghiuni succ­
ession (Plate ~.9). These may have resulted from the 
rapid erosion of the ashes, scoriae and agglomerates by 
snow and ice melt-water whilst .activity continued at the 
Cuvigghiuni vent, or may be due to the collapse of 
sections of the Cuvigghiuni cone in response to earth 
movements. The following three broad types of pyroclastic 
material are distinguished, each friable, discoloured, 
and showing evidence of alteration, probably due to 
hydrothermal activity: ­
(i) A~$12~e~ate~. Angular lithic fragments and 
sub-rounded scoriaceous blocks, embedded in an indurated 
yellow-brown matrix, which appears to be made-up of sub­
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Plate 4 . 9 
The ash, scoria, and agglomerate levels of the Cuvigghiuni 
unit, exposed beneath Montagnola . Note the presence of 
the local unconformities . 
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limate and volcanic ash. The sizes of the clasts generally 
range between 1cm and 10cm, although fragments up to 50cm 
across are not uncommon. Black pyroxene phenocrysts in the 
agglomerate appear relatively unaltered, compared with the 
feldspars which have been converted to aggregates of clay­
like minerals of undetermined composition. 
(ii) Ashe~ ~nQ L~illi. Stratified horizons of ash 
and lapilli (gravel-sized scoriaceous material) up to 20m 
thick, are present in the succession. Weathering and/or 
hydrothermal alteration has resulted in a strong red or 
brown colouration. 
(iii) Welded Scoria. Horizons, up to 5m thick, of 
vent scoria. The individual fragments are normally between 
5cm and 10cm in diameter. Weathering and/or hydrothermal 
alteration has resulted in the development of a purple 
colouration. 
Although the dip directions on the Cuvigghiuni 
pyroclastics are highly variable, they are generally 
northward, the oblique nature of the section through the 
cone predominantly exposing its northern flank. Immediat­
ely to the SE of Montagnola however, some SW dips are 
recorded. Dip values vary from 00 to 600 • Maximum thick­
ness (400m) is attained to the NE of Montagnola. 
Belvedere. The Belvedere unit overlies the 
Cuvighiuni pyroclastics and the northern flank of the 
Trifoglietto II centre with unconformity, and comprises 
a series of thick lava flows of hawaiitic to benmoreitic 
composition. These dip northward at between 50 and 150 , 
off the flanks of the Cuvigghiuni cone, become horizontal 
or sub-horizontal in the rock buttresses of the Serra 
Giannicola, and show some tendancy to dip southward 
further to the north (fig 4.16). Due to an extensive cover 
of volcanic ash to the north of the Serra Giannicola, it 
is not possible to determine how far northward the Belved­
ere lavas extend. Individual flow units are much thicker 
(5-10m) than those making-up the Vavalaci succession, and 
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exhibit rubbly, scoriaceous surfaces indicating an aa 
nature. Although some brown ashes occur in the lower 
parts of the Belvedere lava succession, pyroclastic 
material is rare. 
Zoccolaro. Resting unconformably on the Middle 
and Upper Lava Groups of Trifoglietto II, and capping the 
summit of Monte Zoccolaro, are a series of isolated lavas. 
Although previously thought to represent the last phases 
of effusive activity from the Trifoglietto II centre 
(Klerkx, 1968, 1970), differences in chemistry, discussed 
in chapter 6, suggest that the Zoccolaro lavas were erup­
ted from a post- Trifoglietto II centre. A time-gap 
between the Zoccolaro and Trifoglietto II lavas is also 
suggested by the presence of the unconformity beneath 
the Zoccolaro lavas. 
The Zoccolaro lavas cover an area of approximat­
ely O.25km2 , and dip eastward at between 180 and 320. The 
underlying Trifoglietto II lavas dip towards the S or SEe 
Individual flow units are thin (less than 1m), and scor­
iaceous, characterised by thick, rubbly exteriors and 
relatively thin massive interiors. Some of the flows are 
highly vesicular. Several dykes crop-out beneath the sum­
mit of Monte Zoccolaro, and petrographic examination and 
chemical analysis, discussed in chapter 7, suggests that 
these may have fed the Zoccolaro lavas. 
Mongibello. Mongibello lavas dipping away from 
the present summit, cap the western part of the southern 
wall, overlying the Belvedere and Cuvigghiuni units. 
These are classic aa lavas, varying in thickness from 1m 
to 3m. Similar Mongibello flows cover the floor of the 
Valle del Bove, and the area immediately to the south of 
the southern wall. In addition, scoria and ash cones 
related to the present centre are common throughout the 
area. 
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The Correlation Of Post-Trifoglietto II Units 
Close similarities in chemistry exist between the Vavalaci 
and Belvedere lavas, and two other units cropping-out on 
the upper northern flanks of Etna. These are the Ellittico 
and Leone units which are well exposed in the northern 
wall of the Valle del Bove (Guest and Romano, 1980). 
The Ellittico lavas were erupted from a centre which 
collapsed to form the Cratere Ellittico. A centre which 
developed on the eastern rim of this caldera, produced 
the Leone lavas, and subsequently also underwent collapse 
forming the Valle del Leone. The major-element variation 
in the Vavalaci lavas closely resembles that observed in 
the Ellittico lavas. Similarly, there is a close correl­
ation between the major-element chemistries of the Leone 
and Belvedere lavas. The most notable similarities are 
observed in the total alkalis content of the lava units. 
The lavas comprising both the Vavalaci and Ellittico units 
are characterised by high alkali contents, relative to 
those making-up the Belvedere and Leone units (fig 4.10). 
Lavas within all four units range from hawaiite to benmor­
eite, although the Ellittico and Leone lavas sampled 
appear to be more basic. It is proposed by the present 
author, on the basis of the similarities in chemistry, that 
the Vavalaci lavas were erupted from the Ellittico centre, 
and the Belvedere lavas from the Leone centre. 
In order to test the feasibility of such a 
correlation, it is neccessary to reconstruct the palaeo­
topography of the volcanic edifice from the time in which 
Trifoglietto II was active, to the present. Such a recon­
structionprovides information on the likely paths that 
ancient flows might take, and shows whether it was possible 
for lavas erupted from the Ellittico and Leone centres, to 
reach the vicinity of the southern wall of the Valle del 
Bove. The cliff walls of the southern wall provide sections 
from which palaeo-contours and palaeo-spot heights may be 
determined, each unconformity between volcano-stratigraphic 
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units representing an ancient land surfaceD The preser­
vation as current sub-aerial surfaces, of parts of the 
flanks of the Trifoglietto II, Ellittico-Vavalaci, and 
Leone-Belvedere centres, further simplifies the task of 
reconstruction. 
The Reconstruction Of The Development Of Post-Trifoglietto 
II Topography. 
(i) The Trifoglietto II Centre 
The Trifoglietto II centre is reconstructed with the aid 
of palaeo-contours determined from cliff sections exposed 
in the western part of the southern wall, and contours 
on the preserved south-western flamks of the Trifoglietto 
II centre (fig 4.11). The average distance between post­
ulated contours is obtained using a simple trigonometrical 
formula which assumes an average slope of 330 for the sides 
of the Trifoglietto II cone. This value represents the 
angle of repose for scoria cones. The reconstructed cone 
stands between 2500m and 2600m above present sea-level, 
and is slightly elongate in an E-W direction. In the SE, 
the slope begins to flatten-out at about the 1300m mark, 
and it is probable that a similar situation existed in the 
west. It is unlikely that the Trifoglietto II centre was 
constructed from sea-level, but rather built on a volcanic 
edifice the summit of which was already some 1300m high. 
(ii) The Ellittico-Vavalaci Centre 
A reconstruction of post Ellittico-Vavalaci topography is 
controlled by preserved contours on the northern and 
southern flanks of Etna, and palaeo-spot heights deter­
mined from sections taken through the northern and south­
ern walls of the Valle del Bove. The resultant reconstruc­
tion (fig 4.12) shows that the Trifoglietto II centre has 
been inundated and partially buried by the younger Ellitt­
ico-Vavalaci lavas. The lobate feature which curves south­
eastward around the Trifoglietto II cone is reminiscent of 
the topographic shape of the presenly active :GTE Rift (fig 
4.13), and may well represent an ancient rift zone. 
79 
A RECONSTRUCTION OF POST - TRIFOGLI ETTO n TOPOGRAPHY 
-1400- PRESERVED CONTOURS (Metres) 
--16oo--POSTULATED CONTOURS (Metres) 
A-..A.. EDGE OF VALLE DEL BOVE 
(.--\ 
......1 POSITION PRESENT CENTRAL CRATER 
,............ 
1 i 
• •..•.•..•. 1 
~ /,..00_ ....---­
"" ,,""" ___ .... -- I/ '" ~ _.... __ ClOO 
~ "" ' ""'~ .... - --­/ //r ""," .... ---- - ......... ..... 

1/ " //", .... ___........ ----..:180 .............. .... 

II It'/' ",,/",<, ... ---- 2000 ..... 0, .... ..... 

1/ 1/ / /' /,/"',. ... ---- - ............... ' ,
/;, ... - 2 -- ..... " .......... ' , 

I 1/I ////;,"" __ !OO ..... " ,\' '\ I '/ II I / /" - ........ , " '\ '\ \ \ '\ 
, " I , l I I / /1/ " ...... ~400 ,,\. ',\\ \ \ \I I I J I /".._ .... ' \. \ \ \ \ 
, , ' I I I , , --,' \ ," " \,
'," "",( "\,:",\,, I
, I" \ I \ \ I \ ' ,_ - ," 1 , , , 1\ I ' \ 
\ 1\ , I \ ," ---- '/ ' 1 I I I I J J J
,," ," ,'<__--_/////1' I J 
\ \ ,,,'~ - - - / / ' 1 1 I I I 
I 
\, " ,', \:l. -......:::..:: ___ ... / // // ./ I I I 
./ 
, \ ," ,.....:::~~-.:-_- / / / , 1 ' / 
, \ ,'.. ' " --_ ... ./ // ",/ .bQ/
" " " , -' /,'" 
\. " " " ..... ' 
, ,' .....',' ...­
''"'' , ...... --­
'- " ...... .......
L- -~-
'"T1 " " ........ '---­
'!l o Ikm .... ..... --­
-..---­~ 
,. 
m 
';'\' , " '%/_­
..... "".--­,.~ -­,..--- ....... 

A RECONSTRUCTION OF POST ELLITTICO-VAVALACI TOPOGRAPHY/1; .-:-----~:=-:-:', .~~ \ ,--~-- ............ ' '- - \
.......... '\
"',----- ...... ,,--......... \

.. -- ........... ~ ~"-..:.:: '\'\ ,.... "

- " ' '"
,---- '.... ~ ,\' '\'\ \ '\, ..........-........',,' ,"
//------,'-," "\,,,
\ , 
" I' 
,,\, \ 
' , \ '\ " 
\ 
II'''' "\ 
I I I \I I I 1 
I 1 
1 1 I I 
,I I I 
,\ 
__"_, ' , \ , ,I \ ' 

,"" \," " ,-_-_" ," ",\ 

I I ' )' \ , \ \ \ E LUTTlCO - vAi,' \, " 'I \ I \ 

I 	 I I' \' I ' \ ' , , 1-', ALAC' "",
, 	 I , , I I ,\ I ,\, ' \ " \ .. ' \ \ 

: I I " ,*<\A , .... ) I II I , ". ..'
I,' ," l''''''' 1'~\ '\ }' ~ - .:../ I I I I , I'" I , it: 

,,\ \ ••. _ 0-_," J , J I I"I ,'.";' "'0 I I 

" I ~ \, __,':....... :--.....:/ / / / I I " I
\ ...... .... ___ ;' II I \ \ ...._ _ " 1 ' ' , , I 
\ \ \ ... ,_/___ ..... .. ___ ... ,,',' I I I 
, \ d.. _ .... ' -_ ___ ~ "" / I 1 I 1 I 

\\ \ \ ." ,__ ,_ ,I 1 1 
 ~(\ \ \ \ " _, - - - -' ,I / I 
CD , \'I ,-_, ,__ - /-' , 1I 11 1 I I I 
\ , ,. ___ .... / / / I \ \\ / 	 ;' / I I I\ I ... - - __ .. / / I\\ 	 ' /,' I" 
\ , \ : " ~_-',/ --",00," I I I, POSTULATED CONTOURS (Metres) --1600~-' 
, ',' \' ,'V / __ ----,', \ I I I 
, \' ,\ " //..... __:;, \ \' I / I 
, '\ '\ \ \ I I' '" ,.- -- '\ '\ \ \' \ I I PRESERVED CONTOURS (Metres) -1800­\ ' , \ 	 ,,' , I \ I 
'\ '",'If. '" .. , \ I I " I I ," ~·Oo \" \ \ \ \ \ ' ,
,0 \ \\ I I' •• 1'11, 	 PRESERVED ELLITTICO CONTOURS E
'\ ° 	 \ • J , ' 
",' 1 ~v \ • \ " - -' , "TRI FOGUETTO n 	 (Metres)
,,_j vi \ ,,', __"/1'/ J ,. 
_ .' \' __ / / /1 I I I I ' ELLlTTlCO PALAEO SPOT EI
- - - ...,' .... - - - - ........."" / '" /1 I I I I

__ --- ... '" / / I I I I 	 HEIGHTS
",/ - _ ........ "../' ;' / I I 
, -_ ............ // I'I' / 
.... "" / 
/ 
'" 
--
2000---
//, .-,. y-
_ 
,,,,00 
- ~ , 
2200 // / PRESERVED VAVALACI CONTOURS V 
-4... ""I' ,/,,/ (Metres) 
/l.. / VAVALACI PALAEO SPOT v HEIGHTS "TJ PRESERVEO TRIF. IT CONTOURS (Met,••IT 
r--=:==J
oQ 
.,. POSITION OF PRESENT CENTRAL CRATER C)
o Ikm 
~I EDGE OF VALLE DEL SOVE ..A-.4...1 
CONTOURS (Metres) -1600­
EDGE OF VALLE DEL SOVE " A. A 
o Ikm CALDERA RIMS 
SUMMIT CRATERS o 
o 
o 
co 
\600 
o NORTH EAST CRATER 
~CENTRAL CRATER 
TO~OGRAPHY OF THE NORTH - EAST RIFT 
Fig. 4·/382 
The summit of the Ellittico-Vavalaci centre is situated 
close to the site of the present summit, and stands 
3400m above present sea-level. A potential lava-trap is 
seen to have developed between the lobe structure and the 
partially buried Trifoglietto II centre, and this is 
further enhanced by the growth of the Cuvigghiuni cone 
following the eruption of the Ellittico-Vavalaci lavas. 
(iii) Post Ellittico-Vavalaci Collapse/Post 
Cuvigghiuni Topography 

Following the eruption of the Ellittico-Vavalaci lavas, 

caldera collapse occurred at the summit, and the Cuvigg­

hiuni pyroclastic cone developed to the west of the Trif­
oglietto II centre. The relative chronology of these two 
events has not been determined. The shape of the caldera, 
the Cratere Ellittico, is deduced by the extrapolation of 
the partially buried caldera rim still visible to the 
north of the present centre. No estimate of the depth of 
the caldera is possible. 
Post-Cuvigghiuni topography is reconstructed 
using palaeo-spot heights derived from sections exposed 
beneath Montagnola. The result of the growth of this 
pyroclastic cone, is to produce a more effective potential 
lava trap. This now takes the form of a broad south-east­
ward curving depression, running from the calderas' south­
ern rim to a constricted and relatively steep-sided valley 
between the Ellittico-Vavalaci and Trifoglietto II centres 
(fig 4.14). 
(iv) Post Leone-Belvedere Topography 
Following the formation of the Ellittico-Vavalaci caldera, 
the younger Leone-Belvedere centre developed on the east­
ern rim. Reconstruction of this centre is made difficult 
by its almost total destruction during the formation of 
the Valle del Leone. Lavas from the Leone-Belvedere centre 
are erupted to the NE, capping the older Ellittico­
Vavalaci lavas, and to the W, resulting in the infilling 
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of the Ellittico-Vavalaci caldera. Once the caldera has 
been infilled, Leone-Belvedere lavas are able to flow down 
the lava trap to the south. Although not closed, the 
gentle gradient (1:5 to 1:12) and the pronounced constric­
tion at the eastern end, may result in the accumulation 
within the trap of thick flow units with small dip values 
(fig 4.15). Such characteristics are observed in the Bel­
vedere unit lavas exposed in the southern wall. It would 
not be possible for the Leone-Belvedere lavas to reach the 
vicinity of the southern wall until the Ellittico-Vavalaci 
caldera had been infilled, thus allowing the lavas to 
overflow the calderas' southern rim. This might explain 
why the Belvedere lavas are more differentiated than the 
Leone lavas cropping-out in the northern wall of the Valle 
del Bove; the Belvedere lavas being among the last to be 
erupted from the centre. The relationship between the 
Belvedere lavas, and the older units exposed in the west­
ern part of the southern wall, is shown in fig 4.16 
(v) Present-Day Topography 
Several events succeeding the growth of the Leone-Belvedere 
centre, have combined to further alter the topography of 
Mount Etna (fig 4.17), and these are summarised below: -
Ca) Collapse of the Leone-Belvedere centre forming 
the Valle del Leone. 
(b) Construction of another (the "Cratere del Piano ll ) 
centre on the infilled Ellittico-Vavalaci cald­
era near the site of the present centre, and the 
eruption of the Mongibello lavas overlying the 
Belvedere lavas of the southern wall. 
(c) Formation of the Valle del Bove. 
Cd) Collapse of the llCratere del Piano 1f centre form­
ing the Cratere del Piano (probably 1669 A.D.). 
(e) Growth of the present summit cone. 
The relatively flat area formed by the accumUlation in the 
post-Cuvigghiuni lava trap, of the Leone-Belvedere lavas 
and later llCratere del Pianorl lavas, is known as the Piano 
~5 
del Lago or "Plain of the Lake". Some trace of a depress­
ion must have remained until quite recently~ as a small 
meltwater lake existed somewhere on the "plain" until it 
was infilled by lavas in 1607 (Rodwell, 1878). 
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Chapter 5 
THE MINERALOGY AND PETROGRAPHY 
OF THE LAVAS 
5.1 INTRODUCTION 
The lavas are generally porphyritic, with phenocryst 
contents ranging normally from 20% to ~O% by volume. Fig 
5.1 shows a selection of modal analyses for the lavas 
exposed in the southern wall. The principal phenocryst 
phases are plagioclase, clinopyroxene, and olivine. Kaer­
sutitic amphibole is also a subordinate phenocryst phase 
in the Trifoglietto II Lower Lava Group. Micro-phenocrysts 
of apatite are particularly common in the mugearites of 
the Trifoglietto II Lower Lava Group, and opaque phases 
occur abundantly in all the lavas. Biotite is rarely 
present as a late-stage mineral. No mineral analyses have 
been carried-out by the present author, published anal­
yses are, however, available for all the volcano-'structur­
al units exposed within the walls of the Valle del Bove 
(Cristofolini, 1973; Klerkx, 1976), and for similar 
trachybasaltic sequences further afield on the volcano 
(Duncan, 1976, 1978; Duncan and Preston, 1980). 
The petrography and mineralogy of the dykes 
exposed in the southern wall of the Valle del Bove are 
discussed in chapter 7. 
5.2 MINERALOGY 
(i) Plagioclase 
Plagioclase is the dominant phenocryst mineral in the 
lavas, which normally contain between 20% and 30% by vol­
ume of plagioclase phenocrysts. Both polysynthetic and 
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carlsbad twinning is common, and well developed oscillat­
ory zoning is also displayed (Plate 5.1). Concentric 
zones of glass and opaque inclusions are visible in many 
of the larger phenocrysts, and the glassy inclusions may 
represent bubbles of original liquid trapped within the 
, Igrowing phenocryst (Preston and Duncan, 1979). 
.1·.·1······,··i 
I 
In the lavas of Trifoglietto II (Klerkx, 1968), 
Vavalaci (Lo Giudice, 1970), and the Adrano area (Duncan, 
1976), the average and core compositions of the plagio­
clase commonly becomes more sodic in the evolved lavas. 
Optical determinations by the present author (Michel-Levy 
method) indicate that the plagioclase compositions vary 
from labradorite in the hawaiites, to andesine in the 
: 11···li.....benmoreites. Duncan (1978), arrives at similar conclusions , Ii 
with regard to plagioclase phenocrysts in the Adrano 
trachybasalts. Microprobe analyses by Duncan (1978) show 
that anorthite content ranges from An50-60 in the hawai­
ites, to An40_50 in the benmoreites. 
Fig 5.2 after Cristofolini (1973), shows that 
the total plagioclase composition is generally more 
sodic than that of the phenocrysts. Where plagioclase 
phenocrysts with calcic cores are found in IDugearites, 
Cristofolini (1973), suggests that they may have been 
inherited from a less differentiated melt. 
The oscillatory variation in anorthite content, 
which occurs in plagioclase phenocrysts from most of the 
Etna trachybasalts, may be due to the interaction between 
plagioclase growth rate and diffusion rates within the 
liquid (Bottinga et aI, 1966), or a c~clic variation, at 
a constant temperature, of the pH20 of the magma (Yoder, 
1969). 
The groundmass of the mugearites and benmore­
ites is made-up largely of plagioclase laths which, in 
the most highly evolved lavas exhibit a trachytic text­
ure. Olivine inclusions are sometimes present within the I 
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Plate 5.1 

Well-developed oscillatory zoning in plagioclase 

phenocrysts from the Trifoglietto II Upper Lava Group. 

(Basic mugearite) Scale; O_________O.25mm approx. 

93 
plagioclase phenocrysts, indicating the near contempor­
aneous crystallisation of the two phases. Duncan (1976), 
suggests that the order of crystallisation for the Etna 
lavas in general is olivine - plagioclase _ clinopyroxene. 
(ii) Clinopyroxene 
All the pyroxenes exhibit a high 2v, of the order of 600 
, 
and are optically positive. Maximum extinction angles 
range from 350 to ~OO, values characteristic of augite. 
Microprobe analyses (fig 5.3) on clinopyroxenes from the 
lava units exposed in the southern wall, show that they 
plot in the calcic augite field of the di-hed-fs-ens 
quadrilateral (Cristofolini, 1973), in a similar position 
to clinopyroxenes in hawaiites and mugearites from Hawaii 
(Fodor et aI, 1975). 
All augites from Etnean lavas exhibit very 
little Fe-enrichment with differentiation~ although there 
is an increase in Si content (at the expense of PoL.) of the 
augites as one passes from the hawaiites to the benmore­
ites (Duncan and Preston, 1980). Klerkx (1968), records 
a large spread in the Ca content of augites from the Trif­
oglietto II lavas. This he attributes to the appearance 
of another Ca-bearing phase, kaersutite. Cristofolini 
(1973), however, notes that the augites that crystallised 
at the same time as kaersutite, exhibit the highest Ca 
contents. Barberi et al (1971) explain this wider range 
of Ca values, by a shift of the partition coefficients 
for Ca and AI, in plagioclase, augite, and kaersutite, due 
to changes in pH20. 
Sector zoning of the IIhour glass ll type, together 
with parallel lamellar banding (oscillatory zoning), is 
common in clinopyroxenes from lavas in the southern wall, 
and in clinopyroxenes from most Etna lavas (Plates 5.2 
and 5.3). This has been described in some detail by 
Downes (19'74), and Duncan and Preston (1980). 
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Oscillatory and sector zoning in a clinopyroxene pheno­

cryst from the Trifoglietto II Upper Lava Group. 

(Basic mugearite) Scale; 0 O.25mm approx. 

Plate 5.3 

Oscillatory zoning in a clinopyroxene phenocryst from 

the Trifogletto II Upper Lava Group. (Basic mugearite). 

Scale; O_________O.25mm approx. 
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II 
(iii) Olivine 
Olivine is present in the form of phenocrysts and micro­
phenocrysts in all the lavas (Plate 5.4). Olivine is most 
abundant (6% by volume) in the hawaiites of the Mongibello 
unit. In the pre-Mongibello hawaiites however, the volume 
percentage of olivine phenocrysts is generally only between 
3% and 4%. In the mugearites, the olivines often exhibit 
signs of alteration, with iddingsite occurring around the 
rims, and along cracks in the crystals. Total replacement 
of olivine by iddingsite and titano-magnetite, is recorded 
by Duncan (1976), in benmorei tes. from the Adrano area 
which had been subject to secondary fumarolic activity_ 
Small inclusions of magnetite and plagioclase indicate 
the near-contemporaneous crystallisation of these minerals, 
with the olivine. Olivine is present in the groundmass, 
only in the hawaiites. 
(iv) Kaersutite 
Kaersutite is a fairly common phenocryst phase (up to 8% 
by volume) in the mugearites of the Trifoglietto II 
pyroclastic sequence and Lower Lava Group. Rarely it 
occurs in the rocks of the Trifoglietto II Middle and 
Upper Lava Groups, and the lavas of the Calanna and Vava­
laci units. Spadea (1972) has also found kaersutite in 
hawaiites from the Piedimonte area on the NW slopes of 
Etna. In nearly all cases, the kaersutite is surrounded 
by thick rims of magnetite, and pseudomorphism of magnet­
ite after kaersutite is not uncommon (Plate 5.5). 
Analyses by Cristofolini and Lo Giudice (1969), and 
Klerkx (1964), indicate the high Ti content (3-5 wt%) 
characteristic of kaersutite. 
In thin section, the following pleochroic 
scheme is observed : - alpha = yellow-brown 
beta = reddish-brown 
gamma = dark red-brown 
The significance of the presence of kaersutite in the lavas 
97 

Plate 5.4 
Olivine phenocryst in groundmass containing olivine and 
clinopyroxene microlites. Calanna dyke. (Hawaiite) I 
Scale; 0 O.25mm approx. 
Plate 5.5 
Magnetite pseudomorphs after kaersutite. Trifoglietto II 
Lower Lava Group. (Mugearite) Scale; 0 O.25mm 
approx. 
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of the Trifoglietto II centre, is discussed in detail in 
chapter 6. 
(v) Apatite 
Apatite is present in most Etna lavas, and is most abun­
dant as micro-phenocrysts in mugearites and benmoreites 
(Klerkx, 1968). In particular, it is common in the mugea­
rites of the Trifoglietto II pyroclastic sequence and 
Lower Lava Group. Two forms of apatite are present in 
these more evolved lavas : ­
(a) Elongate prisms in the groundmass, exhibiting 
pale brown pseudo-pleochroism, and 
(b) generally stubbier transparent crystals, encl­
osed within phenocrysts of augite or plagioclase. 
Klerkx (1966) suggests that the brown pseudo­
pleochroism is due to the presence of opaque inclusions 
(magnetite or haematite), aligned parallel to the cryst­
allographic c-axis. The pseudopleochroic scheme is : ­
N brown 
e 
N 
o pale brown 
The relationship between apatite and magnetite is further 
evidenced by the adjacent growth of an apatite crystal 
and a magnetite megacryst (Plate 5.9), the magnetite 
appearing to penetrate the apatite. The presence of apat­
ite inclusions within plagioclase and clinopyroxene 
phenocrysts, indicates that apatite began crystallising 
at an early stage in the cooling history of the magma 
(Plate 5.6). Crystallisation persisted throughout the 
cooling history, resulting in the incorporation of apatite 
micr-phenocrysts in the groundmass. 
The abundance of apatite, and its presence 
throughout the cooling history of the magma, is attribu­
ted by Klerkx (1966), as being due to phosphorous enrich­
ment in the upper part of a blocked magma conduit, as a 
result of volatile transfer. Similar brown pseudo-pleoch­
roic apatites are found in mugearites from Hawaii 
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Plate 5.6 

Magnetite, glass, and apatite (Ap) inclusions in a plag­

ioclase phenocryst. Trifoglietto II Lower Lava Group. 

(Mugearite) Scale; 0 0.25 mm approx. 

Plate 5.7 

Poikilitic plagioclase phenocryst from the Vavalaci unit. 

(Hawaiite) Scale; 0 0.25mm approx. 
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(Macdonald, 1969), and Gough Island (Le Maitre, 1962). 
(vi) Opaque Minerals 
Analyses of the opaque phases in the Trifoglietto II 
lavas (Klerkx, 1968), and the Vavalaci lavas (Lo Giudice 
et aI, 1974), indicate that they are titano-magnetite. 
Similar analyses have been obtained by Duncan (1978), on 
opaque phases from the Adrano trachybasalts. 
In the Calanna, Trifoglietto II, and post­
Trifoglietto II units, titano-magnetite appears to have 
crystallised throughout the cooling history of the melt. 
It is present as inclusions in early-formed olivine, 
plagioclase and clinopyroxene phenocrysts, and also 
occurs in a disseminated form throughout the groundmass. 
Some larger megacrysts are also present in the groundmass. 
In the lavas of the Trifoglietto II Lower Lava Group, 
the titano-magnetite mantles, and in some cases totally 
replaces, kaersutite phenocrysts. 
(vii) Biotite 
Biotite is present in two samples, one from a Belvedere 
mugearite, and the other from a mugearitic flow within 
the pyroclastic sequence of the Trifoglietto II centre. 
Kieffer (1974) has recorded the presence of biotite in 
mugearites from elsewhere on Etna, and Duncan (1976) 
notes a single occurrence of biotite in lavas from a 
benmoreitic dome in the Adrano area. 
The biotite appears fairly fresh, and occupies 

vesicles within the lavas, and it is suggested that it 

is a late-stage magmatic or hydrothermal phase, which 

was deposited or exsolved from a vapour or fluid rich in 

fluorine and water. 

5.3 PETROGRAPHY 
(i) Calanna 
No lavas have been identified within the Calanna success­
ion; all oucrops, excepting those of a pyroclastic nature) 
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resembling bodies of an intrusive origin. The petrog­
raphy is discussed here in preferance to chapter 7, in 
order that a comparison may be made between the:petrog­
raphy of the Calanna rocks, and that of the lavas of 
younger units. 
The Calanna intrusives are porphyritic, dark­
grey, hawaii tic rocks, containing plagioclase laths and 
large (up to 5mm) phenocrysts of olivine (Plate 5.4) and 
clinopyroxene. The phenocrysts are euhedral or 'sub­
hedral, well preserved, and exhibit no reaction-rims. 
The groundmass is pilotaxitic, and comprises plagioclase 
microlites together with interstitial olivine, clino­
pyroxene, and magnetite. Kaersutite is occasionally 
present, and apatite rare. 
(ii) Trifoglietto II 
;!;:a::::a§.. with?:.n_t£.e_PLr~clastic .J3e..9.uen..9~ 
Mugearitic, mid-grey, rarely porphyritic lavas, often 
weathered to a purple colour. Plagioclase is the dominant 
phenocryst phase (up to 20% by volume), although the 
individual phenocrysts are small (less than 1mm). Frac­
turing and resorption are common features of many of the 
plagioclase crystals. Clinopyroxene is a subordinate 
phenocryst phase (less than 6% by volume), and olivine 
rare, the latter being mantled by iddingsite. Micropheno­
crysts of kaersutite are common, in all cases surrounded 
by thick rims of magnetite. Apatite is common in the 
groundmass, and is a constituent of some of the glomero­
porphyritic aggregates, together with clinopyroxene and 
magnetite. Biotite is present within vesicles in a single 
sample. The groundmass is glassy or pilotaxitic. 
The Lower Lava Group 
Pale-grey, leucocratic mugearites, containing large (up 
to 3cm) phenocrysts of clinopyroxene, and micro-pheno­
crysts of kaersutite. Plagioclase is the most abundant 
phenocryst phase (20-30% by volume), although most laths 
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are smaller in size than the clinopyroxenes, which make­
up to 10% of the rock, and exhibit good oscillatory 
zoning. The plagioclase phenocrysts are sub-hedral or 
euhedral, and exhibit no alteration. Concentric zones of 
glass and magnetite inclusions are present in some of the 
laths. Three sizes of clinopyroxene grains are present; 
large sub-hedral or euhedral I1megaphenocrystsTl; rounded, 
anhedral microphenocrysts; and smaller microlites present 
in the groundmass. Olivine is subordinate to clinopyrox­
ene in abundance (less than 1% by volume), and exhibits 
reaction rims of iddingsite. 
Many of the phenocrysts make-up glomero-porph­
yritic aggregates, with plagioclase usually in assoc­
iation with olivine, clinopyroxene and magnetite. Some 
aggregates however, comprise only the ferro-magnesian 
phases together with magnetite and sometimes apatite. 
Kaersutite is present in over half the samples 
collected. It is commonly mantled or replaced by magnetite 
(Plate 5.11). The groundmass is sub-trachytic and is dom­
inated by plagioclase microlites, with a secondary amount 
of clinopyroxene and magnetite. No kaersutite is seen in 
the groundmass, and little glass is present. 
The Middle Lava Group 
Mid-grey, aphyric or poorly porphyritic, basic mugearites. 
Plagioclase is the dominant phenocryst phase (20-30% by 
volume), with clinopyroxene (up to 7% by volume) and 
olivine (up to 4% by volume) subordinate, and kaersutite 
rare. The plagioclase laths are smaller than those in the 
Upper Lava Group (less than 2mm), and exhibit oscillatory 
zoning. Resorption of plagioclase phenocrysts is evident 
in some samples (Plate 5.9), accompanied by a network of 
cracks over the surfaces of the laths. Sector and oscill­
atory zoning is seen in the larger clinopyroxene 
phenocrysts, and these may also exhibit cracking accom­
panied by reaction rims of iddingsite. The phenocryst 
phases generally occur within glomero-porphyritic aggreg­
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Plate 5.8 

Glomero-porphyritic aggregate of plagioclase and clino­

pyroxene phenocrysts. Vavalaci unit (Basic mugearite). 

Scale; 0 O.25mm approx. 

Plate 5.9 

Resorption of plagioclase laths. Trifoglietto II Middle 

Lava Group. (Basic mugearite) 

Scale; 0 O.1mm approx. 
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ates of clinopyroxene + olivine + magnetite, clinopyrox­
ene + plagioclase, or plagioclase alone. 
The groundmass may be glassy, or exhibit a 
pilotaxitic texture. Plagioclase microlites and inter­
stitial magnetite make-up the great majority of the 
groundmass. Brown pseudopleochroic apatite is common, 
and occurs with clinopyroxene and magnetite in the phen­
ocryst aggregates (Plate 5.10), as well as in the ground­
mass. Kaersutite is rare, and takes the form of anhedral 
microphenocrysts surrounded by reaction rims of magnetite. 
The Upper Lava Group 
Distinctive mid-grey, porphyritic, basic mugearites, 
containing large (up to 1cm) euhedral or sub-hedral 
plagioclase phenocrysts (30% by volume). Well developed 
oscillatory zoning is evident in the plagioclase, often 
superimposed upon sector zoning. Clinopyroxene (up to 6% 
by volume) and olivine (up to 2% by volume) are the sub­
ordinate phenocryst phases. The larger pyroxenes (up to 
3mm across) are sub-hedral, and exhibit llhour-glass IT 
structures. Smaller, anhedral clinopyroxene micro-pheno­
crysts are also present. Olivine usually occurs in the 
form of sub-hedral micro-phenocrysts. 
Most phenocrysts occur within glomero-porph­
yritic aggregates (Plate 5.8). These may comprise olivine 
+ clinopyroxene + magnetite, olivine + opaques, olivine + 
clinopyroxene, plagioclase + clinopyroxene, or plagioclase 
alone. The groundmass exhibits a pilotaxitic texture, and 
is composed primarily of plagioclase microlites. No kaer­
sutite is present, and apatite is rare. 
Vavalaci 
Mid-grey, commonly porphyritic lavas, ranging in compos­
ition from hawaiite to mugearite. Plagioclase is the 
dominant phenocryst phase (20-30% by volume), the majority 
of the laths being euhedral to sub-hedral, well preserved, 
and exhibiting good oscillatory zoning. 
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A poikilitic texture is exhibited by some of the larger 
(2-3mm) plagioclase laths (Plate 5.7), the inclusions 
resembling IIbubbles ll of glass. 
Clinopyroxene (up to 7% by volume), and olivine 
(up to 2-3% by volume) are the subordinate phenocryst 
phases. Glomero-porphyritic aggregates are present, and 
comprise olivine + clinopyroxene, or plagioclase alone. 
Disseminated magnetite occurs in the groundmass, and also 
in concentric zones within plagioclase phenocrysts. Apatite 
is rare, and kaersutite is present in only a single sample. 
·Belvedere 
Mid- to dark-grey lavas, ranging from hawaiite to benmore­
ite in composition. Both aphyric and porphyritic types are 
present. The porphyritic hawaiites, basic mugearites, and 
mugearites, consist of phenocrysts of plagioclase, olivine, 
clinopyroxene, and magnetite, in a pilotaxitic groundmass 
made-up of plagioclase microlites together with interstit­
ial magnetite. Plagioclase is the principal phenocryst 
(20-30% by volume), and displays fine oscillatory zoning. 
Sector and oscillatory zoning, and IIhour-glass ll structures 
are evident in the larger clinopyroxenes, which make-up to 
8% by volume of the rock, in the hawaiites and basic mug­
earites. Olivine content varies from 4% by volume in the 
hawaiites, to less than 1% in the mugearites. In the 
latter lavas, they are often mantled ny reaction rims of 
iddingsite. 
The aphyric lavas are generally benmoreitic in 

composition, and contain phenocrysts of plagioclase, 

olivine, and clinopyroxene, forming glomero-porphyritic 

aggregates in a trachytic or sub-trachytic groundmass. 

Brown pseudopleochroic apatite micro-phenocrysts are 

common in the porphyritic and aphyric lavas. Small anhed­

ral biotite fragments are present within vesicles in the 

groundmass of one of the mugearites. 
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Plate 5.10 
The relationship between apatite CAp) and magnetite in a 
glomero-porphyritic aggregate. Trifoglietto II Middle 
Lava Group. (Basic mugearite) Scale; ° 0.25mm 
approx. 
Plate 5.11 
Kaersutite mantled by magnetite. Trifoglietto II Lower 
Lava Group. (Mugearite) Scale; O_________0.25mm approx. 
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Zoccolaro 
Dark-grey, aphyric, vesicular lavas, of basic mugearitic 
composition. In thin section, a pilotaxitic texture is 
evident, the groundmass comprising plagioclase and clino­
pyroxene microlites, and areas of brown glass. The pheno­
cryst phases occur in glomero-porphyritic aggregates, and 
are plagioclase (less than 10% by volume) and clinopyrox­
ene (approx. 2% by volume). Olivine is a subordinate 
phenocryst phase, usually making-up less than 0.5% by 
volume of the rock. Magnetite is present in some of the 
aggregates, and may be associated with needles of apatite. 
No kaersutite is evident in the rocks. 
Mongibello 
Mid- to dark-grey, porphyritic hawaiites, containing 
phenocrysts of plagioclase (20-30% by volume), clino­
pyroxene (8-10% by volume), and olivine (less than 6% by 
volume), with plagioclase being the most abundant phase. 
The groundmass exhibits a pilotaxitic texture, and comp­
rises microlites of plagioclase, with interstitial glass, 
magnetite, and clinopyroxene. The large phenocrysts of 
plagioclase (up to 5mm across), exhibit oscillatory 
zoning, and both sector and oscillatory zoning is evident 
in the larger clinopyroxene phenocrysts. 
The phenocryst phases form glomero-porphyritic 
aggregates; these are either composed of plagioclase 
alone, or of clinopyroxene and olivine. Rarely do felsic 
and ferromagnesian phases occur in the same aggregate. 
No kaersutite is present, and apatite is rare. The 
Mongibello lavas exposed in the southern wall have a 
characteristic white-speckled appearance, due to the 
presence of the large plagioclase phenocrysts. This lava­
type is known locally as 1rCiciraralT, the Italian word for 
chick-pea. 
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Chapter 6 
THE CHEMISTRY AND PETROGENESIS 
OF THE LAVAS 
6.1 CHEMICAL VARIATION 
Work has been carried-out by several authors on the petro­
logy of the Etnean lavas in general (Cristofolini, 1973; 
Romano and Sturiale, 1975; Guest and Romano, 1980), and 
those exposed in the Valle del Bove in particular (Klerkx, 
1968; Lo Giudice et aI, 1974; Lo Giudice, 1971). 
The rocks exposed within the southern wall belong 
to a trachybasaltic suite, and exhibit a continuous varia­
tion in chemical composition from hawaiite to benmoreite. 
No true alkali basalts are associated with this suite, and 
these are rare on Etna generally (Spadea, 1972). All the 
lavas plot in the alkalic field of the total alkalis/ 
silica plot (fig 1.3) after Macdonald and Katsura (1964). 
Studies of many oceanic and continental alkalic 
volcanic provinces, have indicated a de ficiency of anal­
yses plotting in the field of intermediate compositions 
(Si02= 53-57%). Termed the "Daly Gapll, this is interpreted 
by Chayes (1977) as indicating that there is not a contin­
~ 
ual trend of fractional crystallisation between basalts 
and trachytes. Baker (1968), in contrast, proposes that 
the gap is an artifact resulting from sampling bias. No 
evidence for a "Daly Gap" is found in analyses of lavas 
exposed in the southern wall, on the contrary, the majority 
of samples analysed are of intermediate composition. A 
similar predominance of intermediate analyses is recorded 
by Duncan (1978) for the trachybasalts of the Adrano area. 
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Major Element Variation 
Lavas from the ancient centres exposed in the southern 
wall, and analysed by the present author, exhibit contin­
uous trends of all the oxides (figs 6.1 to 6.6). Compar­
ative Hawaiian trends after Macdonald and Katsura (196~) 
are shown on all the figures. Similarities exist between 
the trachybasalts of the southern walland those occurring 
in other mildly alkalic provinces, such as Hawaii (Macdon­
ald, 1968), Gough Island (Le Maitre, 1962), and the 
Tertiary lavas of Skye (Thompson et aI, 1972). Several 
important differences are, however, evident. 
The hawaiitic rocks posess a higher A1203 
content, 18% compared with about 16%, than their Hawaiian 
counterparts (Macdonald, 1968), and the Ti02 content is 
considerably lower, 1.8% compared with 3.4% in the Hawaiian 
rocks. The higher alumina content of the hawaiites from the 
southern wall does not qualify them as high-alumina basalts 
(Kuno, 1960), due to their greater total alkalis content 
relative to silica percentage (fig 6.7). 
The basic mugearites, mugearites and benmoreites 
of the southern wall, also contain more A1203 than their 
Hawaiian equivalents, and, excepting the Trifoglietto II 
rocks, exhibit a constant Ti02 trend of about 1.6%, in 
contrast to the decreasing (3.0-0.5%) trend of the Hawaiian 
suite and the majority of other alkalic suites. Low Ti02 
values are a general feature of Italian volcanic rocks, and 
Duncan (1978) suggests that this might be due to an under­
lying mantle source material depleted in Ti02
. 
An AFM plot (fig 6.8) indicates that the southern 
wall trachybasalts are lower in Fe and total alkalis rela­
tive to their Hawaiian counterparts, whilst on a normative 
feldspar plot (fig 6.9), the southern wall lavas plot 
generally between the more sodie trends of Hawaii and 
Skye, and the potassiC trend of the Gough Island volcanics. 
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There is a tendancy for the hawaiites and basic 
mugearites to be ne-normative, whilst the more differen­
tiated mugearites and benmoreites are generally qtz/hyp­
normative. The resultant trend lies towards the saturated 
side of the low pressure thermal divide of Yoder and 
Tilley (1962), and resembles similar trends in some of the 
alkalic Skye lavas, and in lavas from Terciera (Azores), 
described by Self and Gunn (1976). The Hawaiian alkalic 
suite, in contrast, exhibits an undersaturated trend 
(Macdonald, 1968). iI
JCaO, MgO, and Fe(total) all show decreasing 
trends from hawaiite to benmoreite. In general these 
resemble the Hawaiian trends, excepting the fact that the 
southern wall lavas are between 1% and 2% richer in CaO. 
The scattered trend exhibited by A1 203 is a 
reflection of the porphyritic nature of the majority of 
,; 
,the southern wall lavas, and is in contrast to a much , ~ , 

tighter trend shown by the Hawaiian rocks. There is, : .... ~ 

however, a definite increase in A1203 content from the 

hawaiites to the basic mugearites. 

I j IP205 increases from the hawaiites to the basic 
·.:.'.. 
I. 
mugearites, and then begins to decrease sharply (fig 6.7). 
Duncan (1976) recognises a similar pattern in the Adrano 
trachybasalts, and suggests that the drop in P205 content If 
is due to the fractionation of apatite in the more evolved 11Itlavas. 
MnO is present in low concentrations, generally 

less than 0.2%, and shows little systematic variation with 

respect to the amount of differentiation. Duncan (1976), 

explains such a lack of variation in MuO content in the 

Adrano trachybasalts, by proposing that there is fairly 

equal partitioning of Mn between the melt and fraction­

ating phases. 

Enrichment of K20 relative to Na20 is evidenced 
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by an increase in the K20/Na20 ratio (fig 6.10) from 0.3 
·in the hawaiites to 0.5 in the benmoreites. This is 
probably due to the progressive removal of Na from the 
magma in the more evolved lavas. Rittmann (1974) has shown 
that Na may be removed from the upper levels of a conduit 
system by volatile transfer. Similar K enrichment in the 
more differentiated lavas is also found in the Adrano 
trachybasalts (Duncan, 1978). 
The degree of scatter of the compositional 
points exhibited by all the major element variation diag­
rams is largely due to the porphyritic nature of most of 
the southern wall lavas. 
Trace Element Variation 
Trace element analysis for Pb, Th, Rb, Sr, Y, Zr and Nb 
has been carried-out by X.R.F. methods, on lavas from the 
Trifoglietto II, Calanna, Vavalaci, and Zoccolaro units 
(figs 6.11 and 6.12). The principal features of the trace 
element trends are discussed briefly below : -
Pb - The Pb content exhibits a slight increase 
from 9ppm in the hawaiites to 20ppm in the mugearites. 
This indicates the marginally incompatible behavior of the 
element, and suggests a low partition coefficient between 
the melt and the fractionating phases. 
Th - An incompatible element, Th exhibits a small 
increase in concentration from 11ppm in the hawaiites to 
25ppm in the mugearites, indicating some concentration of 
the element in the melt during differentiation. 
Rb - Rubidium is a strongly incompatible element, 
and increases from less than 30ppm in the hawaiites to 
70ppm in the mugearites, indicating its progressive concen­
tration in the melt. 
Sr - The Sr content exhibits an increase in the 
hawaiites from 1050ppm to over 1500ppm, followed by a 
sudden drop in the basic mugearites to less than gOOppm. 
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Sr is a compatible element in the presence of fraction­
ating plagioclase, and the drop in Sr content is thus 
interpreted as being due to the low pressure fractionation 
of plagioclase and its removal from the magma system. 
Y - Two distinct trends are exhibited by Y. In 
the Calanna and post-Trifoglietto II rocks, there is an 
increase from less than 25ppm in the hawaiites to nearly 
50ppm in the mugearites. This is a feature which might be 
expected if the mugearites had evolved from the hawaiites 
by a process of differentiation, the highly incompatible 
Y being progressively concentrated in the melt. The Trif­
oglietto II rocks exhibit a pronounced decreasing trend 
from 30ppm in the hawaiites to just over 20ppm in the 
mugearites. This feature cannot be explained in terms of 
the formation of mugearites by low to moderate pressure 
fractionation of more basic magma. The importance of this 
decreasing Y trend is discussed in detail in section 6.3 
Zr - The Calanna and post-Trifoglietto II rocks 
exhibit a pronounced increase from less than 200ppm in 
the hawaiites to 400ppm in the mugearites, indicating the 
incompatible behavior of Zr. In the Trifoglietto II rocks, 
analyses are more scattered and no distinct trend is noted. 
Nb - In the Calanna and post-Trifoglietto II 
rocks, Nb exhibits a pronounced increase from less than 
60ppm in the hawaiites to 110ppm in the mugearites, and 
shows strongly incompatible behavior. In the Trifoglietto 
II rocks, however, Nb appears to show a slightly decreasing 
trend from the hawaiites to the mugearites. 
6.2 CHEMICAL VARIATION BETWEEN UNITS 
Distinctive features of the major element trends are 
observed in particular volcano-structural units, and these 
are discussed below : ­
(i) Calanna (figs 6.5 and 6.6). Analysed rocks 
are all hawaiites with a constant Ti02 content of 1.7%. The 
major element chemistry Of this oldest centre closely 
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resembles that of the most recent centre, Mongibello. 
(ii) Trifoglietto I (figs 6.3 and 6.4). 
No samples have been analysed by the author from this 
centre, which crops-out in the northern wall. Analyses by 
Klerkx (1968) and Romano and Sturiale (1975) have shown, 
however, that the rocks making-up this centre are all 
hawaiites. 
(iii) Trifoglietto II (figs 6.5 and 6.6). 
Individual flows within the pyroclastic sequence, and those 
making-up the Lower Lava Group, are all mugearites, whilst 
the lavas of the Middle and Upper Lava Groups are basic 
mugearites (excepting a single hawaiite). The most note­
able features of Trifoglietto II chemistry are, the lack 
of hawaiites, and the low Ti02 content (averaging 1.07% 
over 18 analyses), relative to lavas from the other units 
exposed in the southern wall. In contrast to constant 
Ti02 trends of between 1.45% and 1.7% evident in the pre­
and post-Trifoglietto II rocks, the Trifoglietto II lavas 
show a decreasing Ti02 trend from 1.54% in the hawaiites 
to 0.77% in the mugearites. 
Relative to the post-Trifoglietto II mugearites 

and basic mugearites, total alkali content in the Trifog­

lietto II lavas is low, averaging 7.09%, compared with 

7.50% for Vavalaci and 8.50% for Belvedere. MgO, CaO, and 

total Fe contents are noticeably higher in the post-Trif­

oglietto II mugearites and basic mugearites, and the 

average values are given in Table 6.1. 

A1203 content is reasonably constant at about 

18.5%, tending to be slightly higher in the mugearites 

and basic mugearites of Vavalaci and Belvedere. P205 is 

noticeably lower in the Trifoglietto II rocks, particul­

arly in the mugearites of the Lower Lava Group, and this 

may be due to the fractionation and removal of apatite 

which is particularly common in the ~ore evolved lavas. 
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i 
Table 6.1 
Trif. II 
(17 anal) 
CaO 7.80% 
Fe (tot) 8.00% 
MgO 3.41% 
(iv) Vavalaci 
Vavalaci 
(12 anal) 
6.50% 
7.80% 
2.96% 
(figs 6.3 and 6.4). 
Belvedere 
(10 anal) 
" 
"i 
5.79% 

7.64% 

3.01% 

Analysed lavas range from hawaiites to mugearites, no 
benmoreites having been recorded. In contrast to the 
Trifoglietto II lavas, Ti02 exhibits a constant trend 
averaging 1.45%. The lower total alkalis content (aver­
aging 7.50%) is noticeably contrasted with that of the 
younger Belvedere unit (av raging 8.50). 
(v) Belvedere (figs 6.3 and 6.4). 
The compositions of analysed lavas span the entire range 
from hawaiite to benmoreite. Ti02 content exhibits a 
constant trend averaging 1.62%. 
(vi) Zoccolaro (figs 6.3 and 6.4). 
Not enough analyses are available to define an evolut­
ionary trend, all three lavas analysed, however, were 
basic mugearites. A Ti02 content averaging 1.6% indicates 
that these lavas were not erupted at the Trifoglietto II 
centre. 
(vii) Mongibello (figs 6.3 and 6.4). 
All the lavas erupted from the present centre of activity, 
including those erupted on the flanks, are hawaiites. 
Ti02 exhibits a constant trend averaging 1.62%. 
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6.3 PETROGENESIS OF THE LAVAS 

Basic magmas are considered to be derived from the partial 
melting of upper mantle material, variations in the com­
positions of the erupted lavas resulting from differing+ 
conditions of partial melting, and fractionation of the 
ascending magma. On the basis of 87Sr/86Sr isotope ratios, 
the following three distinct magma series are distinguished 
on Etna (Carter and Civetta, 1977) : ­
Olivine tholeiites - 0.70314 to 0.70332 
Paterno basalts - 0.70301 
Trachybasalts - mean value = 0.70352 
Carter and Civetta (1977) propose, on the basis of the 
observed differences in the isotope ratios, that the 
suites are derived from different sources within. the mantle. 
From the lack of true basalts within the Etna 
trachybasaltic suite, Duncan (1978) proposes that the 
parental magma is little more basic than hawaiite, and 
suggests a composition near to that of alkali-olivine 
basalt. Sharp et al (1979) have identified a low velocity 
zone at 27km depth beneath Etna. This agrees closely with 
experimental work by Green et al (1967) and O'hara (1968), 
which shows that at 10% partial melting of either pyrolite 
or iherzolite at this sort of depth (equivalent to a press­
ure of 12kb) , would result in the generation of an alkali­
olivine basalt primary melt. 
Cristofolini (1973) suggests that cooling and 
fractionation of the magma must occur during its passage 
to the surface, and proposes that the magma undergoes 
differentiation while stored in large batches so that the 
ratio between the amount of extruded lava and the total 
volume of lava is low. This model visualises a continuous 
supply of fresh magma from depth, which maintains the 
average composition of the stored magma at a fairly 
constant level over long periods of time. Cristofolini 
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(1973) finds a constant average composition and no def­
inite trend with time in the Mongibello, Vavalaci, and 
Trifoglietto II units, and cites this as evidence for his 
model. 
It is proposed by the present author, that the 
hawaiitic lavas erupted on Etna represent parental magmas 
of near hawaiitic composition which have undergone very 
little differentiation during their passage to the surface, 
due to their being erupted without a significant period of 
high level storage. Whilst agreeing that the Mongibello 
lavas do exhibit a constant composition through time, the 
author disagrees with the evidence put forward by Cristof­
olini (1973) concerning the Vavalaci and Trifoglietto II 
units. With regard to the Trifoglietto II lavas, there is 
a change from mugearitic lavas erupted early in the history 
of the centre, to basic mugearites produced by later 
effusive activity. Concerning compositional variation in 
the Vavalaci and Belvedere lavas, the present author 
believes that a far more systematic sampling and analyt­
ical programme is required before such a variation of lava 
composition with time can be ruled-out. 
The continuous compositional variation in major 
element chemistry exhibited by the trachybasaltic lavas, 
appears to represent a good magmatic line of descent. 
Some scatter is observed in the vari~tion diagrams (part­
icularly in A1 203 and P205) due to the porphyritic nature 
of the lavas analysed. Although the chemical evolution of 
the lavas appears straightforward, this is not an evolut­
ionary process which can be related to the time factor. 
Etna does exhibit chemical coherence in its eruptive prod­
ucts, but these are produced in a partially random time­
sequence, it being possible for the whole range/of compos­
itions fr9ID hawaiite to benmoreite to be produced by a 
single centre. Thus, instead of a single, progressive 
fractionation of a parental magma giving rise to members 
of a series, a situation is visualised in which a fraction­
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ation process is reproducible at different times in the 
history of the volcano. The simplest explanation involves 
the repeated supply of batches of hawaiitic magma to high 
level chambers, where they undergo fractionation and are 
sampled from time to time by the eruptive process. The 
original magmatic line of descent is thus seen to be made­
up of a series of overlapping lines of descent of more 
limited compositional variation. A similar situation is 
recorded by Hill (1974) in the Aden volcano, South Yemen. 
The inability of such a complex system to duplicate 
exactly the compositions produced by earlier fractionation 
processes, or even that of the parental magma supplied 
to the high-level storage chambers, probably accounts for 
some of the scatter observed in the variation diagrams, 
increasing the effect caused by the porphyritic nature of 
the rocks and possible loss of elements by volatile trans­
fer. 
Fig 6.13 indicates that between the ancient 
centres of activity whose products are exposed in the 
vicinity of the Valle del Bove, there is an increased 
amount of differentiation of the magma with time, from 
Calanna to Belvedere. The Zoccolaro lavas are not included 
as they are considered to have been erupted contemporan­
eously with the Vavalaci lavas. It is proposed that this 
progressive differentiation reflects an increasing inabil­
ity for the magma to reach the surface rapidly. Facility 
for magma storage appears to increase, resulting in the 
presence of mugearites and benmoreites in the Vavalaci 
and Belvedere units. The exclusively hawaiitic character 
of the lavas erupted at the Mongibello centre, suggests 
a drop in the capacity for magma storage within the volc­
anic edifice; magma being able to reach the surface 
rapidly and with little differentiation /len route lf • It lS 
probable that similar conditions prevailed during the 
times when the Calanna and Trifoglietto I centres were 

active. 
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Duncan (1978) proposes a 2-stage model for the 
differentiation of the Adrano trachybasaltic suite. This 
envisages fractionation of mainly mafic minerals from a 
basic parental magma, producing a magma of basic mugearitic 
composition, followed by fractionation of mainly felsic 
minerals to produce the more salic mugeari tes. and benmore­
ites. Such a scheme may be adopted for the majority of the 
lava units exposed in the southern wall of the Valle del 
Eove. The trends for MgO, A1203, CaO, and Na20 (figs 6.1 
and 6.2) all show a distinct break in slope between the 
hawaiites and the basic mugearites, suggesting that the 
crystal extract is being increasingly dominated by plagio­
clase. This break of slope in the major element trends 
coincides closely with the rapid depletion of Sr from the 
basic mugearites to the benmoreites (fig 6.11), giving a 
further indication of the increasing prominence of plagio­
clase in the extract. 
Such a scheme, however, cannot be adopted for the 
lavas erupted by the Trifoglietto II centre. Three features 
of the Trifoglietto II lava chemistry suggest that these 
lavas may represent mugearitic magmas generated within the 
upper mantle : ­
(i) The almost complete absence of hawaiites in 
the lava sequence. 
(ii) The lack of enrichment of Y in the more 

evolved lavas of the Trifoglietto II centre (fig 6.12). 

(iii) The presence of kaersutite phenocrysts 
in the Lower Lava Group. The phenocrysts being in disequil­
ibrium with the melt, as evidenced by the presence of thick 
rims of magnetite. 
It is proposed by the author that the virtual 
absence of hawaiites in the Trifoglietto II lava sequence, 
is due to the relatively evolved character of the parental 
magma. The lack of enrichment of Y in the more evolved 
lavas can only be explained by its retention, at uppe~ 
mantle depths, in garnet, one of the few phases in WhlCh Y 
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may be readily accomodated. The drop in Y content from 
hawaiite to mugearite may be accomplished either by 
garnet fractionation at high pressure, or by differential 
partial melting of a garnet-peridotite source region. 
It is proposed that the Trifoglietto II lavas 
were generated by the consumption of progressively 
greater amounts of garnet, as a result of differential 
partial melting. A relatively small amount of partial 
melting would produce the mugearites of the Lower Lava 
Group, which contain the lowest concentrations of Y. 
Further partial melting would result in the generation 
of basic mugearitic magmas accompanied by a fall in the 
proportion of residual garnet, and a consequent increase 
in the amount of Y present in the generated magma. This 
would account for the higher Y content in the Middle and 
Upper Lava Group lavas. A similar origin for hawaiites 
and mugearites from the Tertiary volcanics of Mull is 
proposed by Beckinsale et al (1978). The alternative 
model, involving the high pressure fractionation of 
garnet, is less able to account for the lack of hawaiites 
in the lava sequence, or the fact that the most evolved 
lavas were erupted first, followed by those of more basic 
composition. 
The presence of the high pressure amphibole, 
kaersutite, further suggests that the mugearitic and basic 
mugearitic magmas generated at depth, rather than as a 
result of the low pressure fractionation of hawaiitic 
magma at high levels in the crust. Experimental studies 
on basanite and ne-mugearite have shown that for approp­
riate compositions and water contents, Ti02-rich amphibole 
(kaersutite) occurs near the liquidus at pressures between 
5 and 25kb (Green et aI, 1974). The clear state of disequi­
librium exhibited by the kaersutite, is interpreted as 
being the result of the pressure decrease as the magma 
reached higher levels in the crust prior to eruption. The 
decreasing Ti02 content in the Trifoglietto II lavas is 
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interpreted as being due to the crystallisation and 
extraction of kaersutite at moderate to high pressures. 
Some differentiation of the magmas occurred at moderate 
to low pressure, as is evidenced by the decreasing Sr 
trend in the basic mugearites and mugearites which indic­
ates the increasing importance of plagioclase fractionation. 
In conclusion, it is proposed by the author, that 
the Trifoglietto II lavas represent a distinct petro­
chemical phase in the evolution of Etna, during which rel­
atively evolved basic mugearitic and mugearitic magmas 
were generated by the partial melting of upper mantle 
material. This contrasts with the probable formation of 
mugearites elsewhere on Etna, by the differentiation of 
more basic magma at high levels in the crust. 
Note: Major and trace element analytical 

data is summarised in tables 6.2 to 6.5, together with 

normative values. 

For a supplementary discussion conccr:-dng thc~ in of the 
etto II l<.:.v~.s?variation in Y ar:.d the 
see Enclosure 1 (folder in back of tho~d"['.). 
134 

._~ __ .. ___ ..... __ ...... ____ , ... ..."..A.-._ ........ ..J!-A.I. "'~_ ............ .J,.., V.l.1.. ....... _ ........ , 
'l'eb] e 6.2 Major el omen t ana lys eo and C] l'W TlorlnG 1'1'0111 t ),(~ 
lavao of the Bouthern wall. 
Calanna dykeB 'J'rif J]. ],]' ],/JVIl (ip. 'J'ri f J J. Mid. Lova Gp. 'l'rif ]]. \Jr. l.OVD Gp. 
~:[J mpl e !l!J.i22. 2£3/7(3 .aL1.D .21L1B 3..Y.:l:.l. ~ ~ jjfll 2!Y.:IL !0..11!J52flJ.2.1L11.!i2Lll~.2..1L1§2J.LZ.L:Y.IL 
::lO? 4'1.03 117.68 50.29 )6.79 )6.52 ~G.?1 ~~.?') 5'1.0H 5;'.21 ~2.7,/ 52.35 53.35 48.70 54.05 52.02 53.9G ~3.~~ 
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7 / ~~ 
). /'MgO 7.67 4.93 2.94 2.43 3.29 3.?? 3.5G 2,60 3,88 3.76 3.14 4.54 3.K3 3.40 3.65 3. '// 
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Na20 3.31 3.98 11.9!.i 11.9? II • ')1 r ./ • 7.J 4.n3 5.?3 11.63 II. G? 4.G3 3.9G II .111 	 5.10 5.13 5.1 ~) ',. ?1 
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ro O.O/j O.O/j 0.00 0.00 0.0/1 0.0'.;
.. O.OEl 0.011 0.01 0.01 0.01 0.06 0.02 

Cr 0.03 0.00 0.00 0.01 0.01 0.00 
 0.00 
~ Ni O.O? 0.01 0.02 0,00 0.00 0.00 0.01 0.02 0.01 0.01 0.0 0.00 0.011 0.00 0.00 \jJ 

V1 l~a 0.150.170.150.190.220.190.18 0.18 0.1G 0.17 0.19 0.17 0.1B 0.18 0.18 0.1P 0.1'/ 

0.97 0.15 0.34 0.94 0.17 1.95 0.27 -0.07 0.37 o.n~ 
~'(\'PAI, 99.46 99.47 101.38 100.84 102.53 101.6'/ 101.60 101.03 99.60 100.90 100.30 101.04 100.11 101.77 97.99 101.'10 100.r.·\., 
J~I 0.26 1.93 1.2'1 0.57 0.10 0.22 0.09 
C] rt: f!PH~!~ ('1'. 'J'. .. '1'horn ton-']'u t tle Index) 
4.20 0.8GQ 	 7. /15 7.28 8.52 1.93 11.25 15.84 12.72 11.22 10.89 10.G2 15.GR 1l).;-' "IOr 5.39 8.39 8.39 11.53 13.86 12.[,2 12.7'1 12.35 13.92 13.32 
Ab 21.00 22.53 28.90 35.30 3G.21 35.33 ~'.01 35.00 41.92 112.13 38.42 39.52 29.8/1 36.79 35.15 35·58 ~,'/ • I'~, 1 ..., \.0fin 26.21 21.73 25.73 1'/.00 1'/.81 16.911 20.3'1 21.96 16.63 21.15 9.74 16.95 27.00 25.73 27.G5 11j .67 ' .. ' 
t: e 7.72 3.55 1.9
'
1 0.2f\ 5.02 2.16 4.111' 1.2~ 
. {WO 11 ./15 11 .90 10. 69 5./j :3 3.75 4.21J 2.~C 7.G8 /j.65 9.01 9.25 7.27 1.30 1.93 :).17 (,. "0 r. ~..., 7,Dl 1':n 6.56 9.65 6.28 2.82 3.42 2.83 2.20 5.71 3.9'1 G.27 5.74 6.28 0.53 0.150 /j.?b
',..,
• L ,F3 3.55 0.84 3.88 1.97 1.25 1.01 	 1.21 1.67 1.34 0.5'/ O.BO O 1. nl) 
lly {En 5.18 4.85 4.no G.O'} '1.5/j 0.32 0.38 4.61.1 G.9? Fa 1. ~5 1.92 1.71 0.10 0.13 G.92 G.13 
') (' '1 
L. • ('1("" 	 It • 71;'01 (Fo 11.32 7.30 3.12 	 0.55 0.33 0.57 1.93 2 .. '/," 
1"8 5.42 0.70 2.12 0.13 0.13 0.17 O. :,0 1 • ~,1 
Mt 4.82 8.26 3.86 4. '?2 '/.34 6.7G 5.7? s .10 4 Oil 5.91 5.17 7.23 2.36 3.68 8.31 G.~.((.) 11 ).40 3.19 2. Tl 5.59 3.66 3.35 2.0:; 3.02 3:50 2.50 3.92 3.58 3.41 2.24 2.96 ?). 'l? 3. ?,~ Ap 1.76 1./j3 1.59 1.80 1.74 1.611 1. '/B 1.80 1.6'1 1. '/3 2.G2 1.75 1.54 2.G3 1.66 2.32 L., .. '"'" ,,)I I 
JIm 0.26 1.09 2.03 7.25 0.94 

'1'. '1'. 
 /j3.22 51.88 46.63 55.?5 5/~. 0 039.211 54.28 57.35 50.4'1 57.71 
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Major element. annlyoes Bnd CJPW norma from t.he 
'l'rH JT
'J'Bh] e 6.3 
lavas of the southern wall (contd). 
inlrus:ives J~st-Trif IJ intrusivesVovalaci ?'occolaro 
:;0111121 e !!YIl. ?5.!.Il 2Y:11 mn. ?Jlil1 !iQL11 	~ ~ ill:n 2!iLn YJ/?7 10/77 22/78 16/78 
~3.1l;) ;JJ. 40 ~/I .31 ~/I .48 52.73 53.28 53.47 52.44:~iO? 	 53.93 5'1.3'1 57.69 52.65 50.62 53.43 
n02 1.33 1.00 1.47 1.64 1.45 1.60 1.63 1.54 0.<)2 0.<):' 1.57 1.~8 1.67 1.95 
AJ 203 20.0;:> 18.22 17.81  1'/.37 19.29 17.34 1 'I. )/1 18.11 18.2/1 18.58 17.41 17.81 17.54 16.38 
Fe203 7.75 7.36 7.09 9.lt8 <).05 9.10 <).01 8.65 7.6/1 7.48 8.89 8.99 9.67 11.11 
FeO 	 All Pc exprenscd 8S F0203 
NnO 0.16 0.15 0.22 0.20 0.17 0.21 0.21 0.18 0.15 0.16 0.20 0.20 0.20 0.20 
Mr;O 2.75 3.01 2.31 3.11 3.)5 2.86 3.03 ).07 3.23 2.80 5.37 3.14 3.29 3.35 
GaO 7.93 6.9') II • (,2 6. '/5 8.'12 G.3S. G.II/I 6.56 7.12 6.88 G.45 6.5/j 6.99 7.09 
Ns20 4.81' !j.05 G.1'; 5.31 3.20 5.13 lj • <) 3 4.7/1 lj.93 5.26 5.37 5. 42 5.00 11.3'l 
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0.6'/ 0.48 0.56 0.93 0.72 O.no o. rIG O.G/I 0.r:,3 0.56 O.BII 0.h3 0.<)1 0.%1'2°5 
~ 0.13 0.11+ 0.00 0.01 0.00 0.0? O.O? 0.04 0.1 :J 0.14 O.O? 0.01 0.03 
0r 0.00 
~ 
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1.OJ 0.13 0.24 0.30 0.13 0.20 0.00 -0.14 -0.33 0.50 1.43 0.42 0.01 -0.06 -0.23 
,]'<'TA1, 101.77 00.38 101.77 100,46 99.09 99.57 91).95 101.19 100.20 101.39 99.74 100.55 101.65 100.72 
CJ rw NOHY.=-. (,]','1'... '1'hornton-'1'uttle Index) 
Q 5.B4 0.559.37 	 ­
Or 1lt , 508 12.89 14.76 12.78 7.45 13.22 1b.£\[\ 1'/. (,? 17.25 15.37 15.G2 111.11 17.19 11.64 
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Ne 5.02 	 0.32 2.38 3.73 5. 117 4.31 1.87 0.41 
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Fa 	 0.13 0.23 1.2'72.41 0.26 0.95 
Nt 8.55 1.78 	 3.86 5. ,)1 '/.66 1.83 3. ;,f) 5.10 G.07 5.29 G.93 
11 4.02 2.32 1.96 2.59 3.67 4.11t 11.56 3.19 3.72 1t.02 3.6B 3.66 Ap 2.31 3.13 2.76 1.77 2.00 2.62 2.13 1.)6 2.04 2.61' 1.92 2.311 Hm 	 6.25 5.27 2.90 1.83 
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Table 6.4 Trace element analyses for Pb, 
southern wall. Si02 expressed in wt%, trace 
Th, Rb, Sr, Y, Zr, 
elements in ppm. 
and Nb, from lavas of the 
Bample 
Si02 
Calanna dykes Trif II. Lower Lava Gp. Trif II. Middle Lava Gp. 
44/77 28/78 29/78 21/78 36/77 19/77 15/77 33/77 38/77 42/77 49/77 31/77 45/77 48/77 
47.03 47.68 50.29 56.79 56.52 56.21 55.29 57.08 53.21 52.77 52.35 53.35 48.70 54.05 
Pb 9 11 13 15 16 11 11 9 13 11 10 11 10 9 
Th 12 11 11 20 21 21 19 22 16 17 16 14 12 16 
Rb 27 37 54 67 64 57 56 61 44 45 43 42 39 52 
~ 
\}l 
.......::l 
Sr 
Y 
1044­
24 
1140 
27 
1342 
26 
886 
26 
1193 
25 
994 
22 
1010 
22 
1081 
21 
1105 
22 
1468 
28 
1491 
29 
1027 
23 
1299 
28 
1128 
26 
Zr 
Nb 
172 
59 
H. 
186 
61 
H. 
238 
75 
H. 
295 
70 
M. 
280 
85 
M. 
277 
72 
M. 
264 
71 
M. 
288 
71 
M. 
231 
62 
BM. 
312 
93 
BM. 
310 
96 
BM. 
199 
47 
BM. 
228 
79 
H. 
278 
76 
BM. 
H. = hawaiite, M. = mugearite, BM. = basic mugearite. 
;;;~.~ t:g'i;;­ .. 
Table 6.5 Trace element analyses (contd). 

post-Trif II
Trif II. Up. Lava Gp Vavalaci Zoccolaro intrusives 

Sample 31/78 32/77 9/77 4-1/77 25/77 26/77 27/77 28/77 4-0/77 33/78 34-/78 35/77 10/77 22/78 

Si02 52.02 53.96 53.55 53.93 5~.3~ 57.69 52.65 50.62 53.~3 53.82 55.~O 52.73 53.28 53.~7 

Pb 16 1~ 15 12 14 16 15 12 14 19 18 15 16 16 

Th 19 18 19 17 17 24- 19 16 19 20 19 18 17 19 

Rb 61 60 65 38 62 59 50 4-1 52 52 40 4-8 4-7 54­
Sr 1239 1253 1211 1521 1272 1059 1124- 1294 1139 114-0 124-8 1184- 1176 1188 
~ 
'VI 
en y 26 25 27 29 26 4-7 37 29 40 40 35/ 4-1 4-0 36 

Zr 322 328 34-5 250 338 396 302 234- 324- 322 3061 319 316 314­
Nb 80 80 85 65 81 107 85 69 90 86 85 86 90
76 1 

EM. EM. EM. EM. EM. 1'1. EM. H. EM. EM. M. EM. EM. EM. 

H. = hawaiite, EM. = basic mugearite, M. = mugearite. 
~,; 
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Chapter 7 
DYKE OCCURRENCE AND DISTRIBUTION 
IN THE VALLE DEL BOVE 
7.1 INTRODUCTION 
The dykes exposed in the walls of the Valle del Bove have 
been mapped by means of standard field techniques, and 
the use of aerial photographs. In total, the distribution 
and alignments of 204 dykes have been plotted (fig 7.1). 
Samples have been collected from approximately 10% of the 
intrusions cropping-out in the southern wall, and six of 
these have been analysed. Wherever possible, samples were 
collected on an aerial basis (e.g. from every tenth dyke), 
however, difficulties of accessibility sometimes resulted 
in a less systematic method. 
The dykes exposed within the walls of the depres­
sion, reflect important tectonic trends along which the 
movement of magma was facilitated, prior to the formation 
of the Valle del Bove. The relationship between the dyke 
trends and the ancient centres of activity, can provide 
some information on magma· movement and storage beneath the 
present centre, and this is examined in section 7.4. 
7.2 DYKE DISTRIBUTION 
major, and three minor dyke sets are present. The two 
major sets are post-Trifoglietto II, and everywhere cut 
the products of the Trifoglietto II centre. One set trends 
NE-SW, and crops-out along the northern wall of the Valle 
del Bove, the other is aligned in a SE-NW direction, and is 
exposed in the southern wall. The two sets intersect at a 
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point 1.5km SE of the present Central Crater. There is 
also a degree of radiality about this point, by individ­
ual members of each dyke set, suggesting that it may 
represent a focus of dilation. If dykes are considered 
as representing the upwelling of magma into opening fiss­
ures in the crust, then a plot of dyke trend intersections 
can be used to pinpoint the source of dilation. 
Such a plot is obtained by extending the bearing 
of each dyke, and then marking with a point each inter­
section of the dyke-bearing lines. Contouring of the 
points produces a semi-quantitative plot (fig 7.2). A ser­
ies of rose-diagrams (fig 7.3) of dyke azimuths indicates 
the directions of propagation relative to the possible 
source of dilation, and shows the bearings 075 and 1~5 to 
be most important. 
The three subordinate dyke sets are associated 
with the Trifoglietto II and Calanna centres, and with the 
lavas of the Zoccolaro unit. 16 dykes are associated with 
the Trifoglietto II centre, and are differentiated from 
the younger post-Trifoglietto II dykes, on the basis of 
chemistry and petrography. The Trifoglietto II dykes 
radiate about a point equidistant between Monte Centenari 
and Monte Zoccolaro (fig 7.1). The dykes of the Calanna 
centre crop-out largely on Monte Calanna itself, and are 
distinguished on the basis of their chemistry and weathered 
appearance, from the younger dykes. The Zoccolaro lavas 
are fed by dykes which crop-out in the cliff walls beneath 
the summit of Monte Zoccolaro. 
No systematic variation in dyke thickness is 
observed in any of the dyke sets, and the thicknesses vary 
in an apparently random manner, from 0.5 to 15m. One of 
the thickest dykes occurs in the Trifoglietto II pyroclas­
tic sequence. This is a complex dyke-sill structure which 
is exposed in the cliff walls beneath the Valle degli 
Zappini as a concordant sill-like body, before cutting 
discordantly and vertica~ly upward through the lava and 
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7.3 
Table 7.1 
Zoccolaro, 
and pyroclastic succession. The intrusion is some 750m 
long and 15m thick (max), and the chemistry and presence 
of kaersutite, show it to be of Trifoglietto II age. 
Columnar jointing, perpendicular to the walls of the 
intrusions, is common in the thicker dykes and sills, and 
Plates 7.1 and 7.2 show its occurrence in the Trifog­
lietto II dyke-sill structure. 
Two elongate intrusions are located in the 
southern wall, one situated 1km east of Montagnola, the 
other to the north of the Valle del Tripodo. The sizes 
are respectively about 250m and 100m in length, and both 
occur within the Trifoglietto II pyroclastic sequence. 
The inaccessibility of the larger intrusion has prevented 
sampling; the smaller intrusion, however, contains abun­
dant kaersutite, and resembles petrographically the dyke­
sill structure discussed above, suggesting a relationship 
with the Trifoglietto II centre. Larger, deeper level 
bodies, of a similar nature, may act as temporary magma 
storage chambers in which differentiation might occur. 
The strong, positive gravity anomaly underlying the site 

of the Trifoglietto II centre, is interpreted by Klerkx 

and Evrard (1970), as representing a denuded series of 

such bodies. 

The structural relationships between the Oalanna 
intrusions and the agglomerates, scoriae, and ashes which 
they cut, are difficult to determine, due to poor exposure. 
The strongly weathered and shattered intrusions crop-out 
as isolated upstanding blocks, rarely more than a few 
metres across and 5-10m high. No columnar jointing is 
evident in any of the Calanna intrusions, probably due to 
the shattered nature of the rock. 
OHEMISTRY AND MINERAI;OGY 
shows the major element chemistry of sampled 
dyke material, in comparison to the lavas of the Vavalaci, 
and Trifoglietto II units. The chemistry is 
14-4 
Plates 7.1 and 7 .2 
Two views of a s i ll-dyke complex in the Tri fo g lietto II 
succession near the Valle de g li Zappirri, showing columnar 
jointing perpendicular to the walls of t h e intrusion. 
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discussed below with reference to the ancient centres 
of activity in the vicinity of the Valle del Bove. 
(i) Ellittico-Vavalaci 
The majority of the dykes exposed in the southern wall, 
belong to the NW-SE trending, major dyke set, discussed 
in section 7.2. These cut the Trifoglietto II succession 
and post-date the activity at this centre. 
Petrographically, the post-Trifoglietto II 
dykes are mid- to dark-grey, aphyric or poorly porphyritic, 
basic mugearites. The phenocrysts, where present, are 
plagioclase and clinopyroxene, with subordinate amounts 
of olivine, and usually make-up glomero-porphyritic 
aggregates. Oscillatory and sector zoning is present in 
the larger plagioclase and clinopyroxene phenocrysts. The 
groundmass is usually pilotaxitic. 
The high (1.6%) Ti02 content of these dykes, 
indicates that they are not related to the Trifoglietto II 
centre, and the occurrence of one dyke feeding a Vavalaci 
lava, has led the author to suggest that this major dyke 
set was associated with activity at the Ellittico-Vavalaci 
centre. On the basis of chemistry, it is further proposed, 
that the Zoccolaro dykes and lavas are related to a flank 
eruption of the Ellittico-Vavalaci centre. The Zoccolaro 
lavas and dykes both contain about 1.6% Ti02 , and in all 
other major elements there is a close similarity with the 
Vavalaci lavas and dykes. The Zoccolaro dykes may thus 
represent a sub-set of the major NW-SE trending dyke set. 
The major element chemistry of selected Vavalaci and 
Zoccolaro dykes, is shown in Table 7.1. 
(ii) Trifoglietto II 
500m to the west of Monte Zoccolaro, a dyke is observed 
feeding one of the flows of the Lower Lava Group. The 
nature of the transition is not seen, however, due to the 
inaccessibility of the junction zone. Major element anal­
ysis (Table 7.1), shows th.e dyke-rock to be mugeari tic, 
14-6 
-W" r :mrs.. 
,
i 
I
1 
I 
I 
I 
I Table 7.1 
Oxides 
Si02 
Ti02 
A1203 
Fe203 
-" MnO 
+=­
-<J MgO 
CaO 
Na20 
K20 
P205 
TOTAL 
Major element chemistry of selected dyke samples from the 
compared with lavas from the Trifoglietto II, Vavalaci and 
Vavalaci Vavalaci Zoccolaro Zoccolaro Trif II 
dyke lava lava dyke Lr.L. Gp 
dyke 
53.47 52.65 53.82 53.6L~ 54.31 
1.67 1.64 1.63 1.65 0.92 
17.54 17.37 17.54 17.78 18. 2l~ 
9.67 9.4-8 9.01 9.50 7.64 
0.20 0.20 0.21 0.20 0.15 
3.29 3.11 3.03 2.95 3.23 
6.99 6.75 6.44 6.52 7.12 
5.00 5.31 4.93 5.02 4.93 
2.66 2.61 2.46 2.54 2.37 
0.91 0.93 0.76 0.80 0.53 
101.65 100.46 99.95 100.60 100.20 
(B.l"Iug) (B.l"Iug) (B.Mug) (B.Mug) (Mug) 
southern wall, 
Zoccolaro units. 
Trif II 
Lr.L.Gp 
lava 
Calanna 
dyke 
55.29 47.68 
0.96 
18.67 
1.75 
17 .l~5 
7.80 10.53 
0.15 0.24 
3.56 4.93 
7.43 
L~. 83 
2.18 
8.95 
3.98 
1.24 
0.43 0.49 
101.60 
(Mug) 
99.47 
(Haw) 
and indicates the low (0.92%) Ti02 content characteristic 
of the Trifoglietto II rocks. Petrographically, the dyke­
rock resembles the lavas of the Lower Lava Group, being 
leucocratic, and containing large (2cm) clinopyroxene 
phenocrysts. Kaersutite, a diagnostic mineral of the 
Lower Lava Group, is also present. No dykes have been 
observed feeding the Middle and Upper Lava Groups, although 
this is probably due to poor exposure and difficulties of 
accessibility. 
(iii) Calanna 
The chemistry and mineralogy of the hawaii tic intrusives 
of the Calanna centre, has been discussed in chapters 5 
and 6. 
9.~ DYKE OCCURRENCE AND ETNA TECTONICS 
The dykes exposed in the walls of the Valle del Eove 
parallel trends which are important on Etna at the present 
time. The 075 bearing of the dykes exposed in the northern 
wall parallels one of the main fault directions for the 
area, indicated by the fault scarps of the Ripa della Naca 
to the NE of the Valle del Bove.The direction 070 marks 
one of the main fissure directions cutting the Chasm, the 
largest at' the summit craters. The 14-5 trend of the dykes 
cropping-out in the southern wall, is close to the 155 
fissure trend, along which the 1956 fissure and the Bocca 
Nuova are aligned at the summit. This is believed, by 
Guest (1973), to be the second most important summit 
fissure of recent times. A map of the summit area is given 
in appendix 3. 
Sharp et al (1979) recorded a series of micro­
quakes between October 1977 and January 1978, as part of 
a seismic-array study on the volcano. These they inter­
preted as resulting from the inflation of magma storage 
chambers beneath the volcano. It is interesting to note 
that, at this time, although activity was occurring at the 
1~8 
North-East Crater of the summit (Appendix 3), the geog­
raphical locations of the epicentres plot in a zone along 
the southern wall of the Valle del Bove (fig 7.4), and 
exhibit a trend (120) sub-parallel to that of the dykes 
of the southern wall. The micro-quake foci are shallow, 
averaging 6km, and it is proposed by the present author, 
that the quakes result from the movement of magma in 
fissures paralleling the dykes of the southern wall. 
It is apparent, from the close directional rel­
ationship between the Valle del Eove dykes and the recent 
fault and fissure trends on Etna, that certain trends have 
been important for at least several thousand years. An 
examination of historic fissure alignments on Etna provides 
further evidence for this relationship. Wadge (1977) 
states that the majority of historic fissures, exhibit 
little departure from radiality about the present summit, 
excepting those occurring on the southern flanks of the 
volcano, which radiate about a point 2km SE of the summit. 
Examination of historic fissure orientations by the pres­
ent author, however, indicates that there is very little 
radial relationship between them and the summit. A cont­
oured plot of fissure trend intersections (fig 7.5) shows 
that the majority of fissures radiate about a point 1km 
ESE of the summit. The subsidiary focus for the southern 
fissures is also picked-out, 2km SE of the summit. These 
two foci lie close to the focal point of the Valle del 
Bove dykes, indicating the continuing importance of this 
area on Etna. Murray (Personal Comm.), has recorded 
inflation and deflation in this area over the last ten 
years, during the measurement of an 11km precise levelling 
traverse across the volcano, although no direct relation­
ship has been deduced between the movements and eruptive 
activity. 
It is suggested by the present author, that 
this area may represent one of the main sites for magma 
storage and transport on the volcano. The upward movement 
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of magma from the low velocity zone beneath Etna, at a 
depth of 27km (Sharp et aI, 1979), may be facilitated 
along the major dilational trends of 075 and 145. Storage 
may take place in a dyke plexus, where these trends inter­
sect, to the E and SE of the summit, the accumulation of 
magma resulting in the inflation recorded by Murray. At 
some critical value, the propagation of vertical fissures 
in a horizontal direction, may result in flank eruptions 
where thay intersect the surface. It is further suggested, 
that an important fissure line may limk the summit with 
the storage area, allowing magma to feed the conduits of 
the Chasm and other summit craters. An open connection 
between the lower levels of the summit craters and this 
area, may explain why the movements observed by Murray are 
not large, pressures being relieved by the filling of the 
summit craters and persistent activity. Acceptance or 
rejection of such ideas must, however, await a much more 
detailed study of the tectonics of Etna, and the mechanics 
of magma storage and transport. 
It is interesting, finally, to note that two of 
the most important eruptions, in terms of the volumes of 
lava produced, of the last ten years, intersect the area 
postulated for magma storage, and parallel the major 
dilational trends indicated by the Valle del Bove dykes. 
The fissures of the 1971 eruption lie along a trend of 066, 
and those of the 1978, and first phase 1979, eruptions, 
were established along a bearing of 142. 
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Chapter 8 
THE ORIGIN OF THE VALLE DEL BOVE 
8.1 A REVIEW OF IDEAS 
Several diverse hypotheses have been proposed to explain 
the origin of the Valle del Bove. These include excavation 
by glacial (Vagliasindi, 1950) or fluvial (Lyell, 1859) 
e:r:gsion, formation due to catastrophic volcanic explosion 
(Lyell, 1959; Kie£fer, 1970, 1977), or as a result of 
volcano-tectonic collapse (Klerkx, 1968, 1970; Klerkx and 
Evrard, 1970). 
Vagliasindi (1950) interpreted several physio­
graphic features exhibited by Etna, as being formed by 
glacial activity. An ice-cap is said to have existed on 
the Piano del Lago, and a glacial cirque is visualised on 
the flanks o£ the Trifoglietto II cone, which Vagliasindi 
estimated to have been over 4300m above sea-level. The 
Valle del Eove is interpreted as an over-excavated 
U-shaped valley, with the Valle del Leone representing a 
tributary hanging valley. 
Lyell (1859) first considered that the Valle 
del Eove might have been formed as a result of erosion by 
torrents of snow and ice meltwater, excavating the depres­
and transporting the eroded material eastward to the sea, 
forming an alluvial fan. He later, however, discarded this 
hypothesis, due to the difficulties involved in accounting 
for the removal o£ such a great volume of material solely 
by fluvial means. In his new hypothesis, Lyell linked the 
formation of the Valle del Bove with the destruction of 
the Trifoglietto II centre. A dormant Trifoglietto II 
centre is visualised by Lyell, within which steam 
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pressure built-up beneath a plugged vent, the eventual 
release of these gases resulting in a paroxysmal explos­
ion, giving rise to the first breaches which were 
subsequently enlarged by fluvial erosion, forming the 
Valle del Eove. 
Following work carried-out during the 1960's, 
Klerkx (1968, 1970) proposed that the Valle del Eove was 
formed by volcano-tectonic collapse. Klerkx postulates 
a migration of activity from the Trifoglietto II centre, 
to the present Mongibello centre, along an E-W aligned 
fissure. Collapse may have occurred as a result of this 
lateral withdrawal of magma from beneath Trifoglietto II, 
or, he suggests, may have been a consequence of violent 
pumice eruptions. 
Lyells' hypothesis, of- a paroxysmal explosion 
being responsible for the initial opening of the Valle 
del Bove, was adopted by Kieffer (1970, 1977), who sugg­
ests that the depression was formed as a result of at 
least four phases of highly explosive activity, spread 
over a period of "several tens of thousands of years". 
Kieffer (1977), deduces these phases of activity, from 
the study of the volcaniclastic deposits exposed to the 
north, south and east of the Valle del Bove. These depos­
its consist of reworked lahars, alluvial deposits and 
ashes, and occ~r predominantly to the east of the depres­
sion, where thay cover some 100km2 • 
Kieffer (1977) suggests that explosive erup­
tions of a phreatic or phreato-magmatic nature, were 
responsible for both the production of these deposits, 
and the formation of the Valle del Bove. Water entering 
the volcanic edifice via a volcano-tectonic fissure, in 
an otherwise impermeable basement, is suggested as result­
ing in periodic activity. 
The mass of evidence points to a predominantly 
explosive .origin for the Valle del Bove. For reasons put 
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forward by Lyell (1859), the excavation of a 1200m deep 
depression by fluvial means is unrealistic, and their are 
several objections to the glacial origin hypothesis of 
Vagliasindi (1950). Snowlines in the Mediterannean area 
during the Wurm, were not depressed enough (Budel, 1949) 
to allow the formation of glaciers on Etna, particularly 
as the height of the Trifoglietto II centre is likely to 
have been only 2500-2600m, rather than the 4300m proposed 
by Vagliasindi (1950). The Valle del Bove bears no resem­
blance to a glacial U-shaped valley, the floor being too 
flat, even allowing for its infilling by more recent 
lavas, and the ratio of the width of the depression to 
the height of the surrounding walls being too high. 
The volcano-tectonic collapse hypothesis prop­
osed by Klerkx (1968, 1970), fails to account for the 
selective distribution of the lahars and alluvial depos­
its opposite the open end of the Valle del Bove (fig 8.1). 
An explanation for the strongly assymetric shape of the 
depression is also lacking in this model. 
It is proposed by the present author, that a 
proto-Valle del Eove was formed as the result of a parox­
ysmal phreatic or phreato-magmatic eruption of the Trif­
oglietto II centre, and subsequently enlarged by fluvial 
erosion. It is evident from the morphology, that the Valle 
del Bove was not formed by simple caldera collapse. The 
highly irregular and strongly scalloped walls surrounding 
the depression, suggest that it was formed by a more 
violent and piecemeal process than that which formed the 
smaller Etnean calderas. The size of the Valle del Bove 
in comparison to these other calderas; five times greater 
than the Cratere Ellittico, and twenty times greater than 
the Valle del Leone, points to its formation by processes 
an order of magnitude greater in their ability to produce 
volcanic depressions. 
The s'trongest evidence in favour of the form­
ation of the Valle del Bove by volcanic explosion rests 
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with the presence, distribution and character of the 
volcaniclastic deposits lying outside the depression 
(fig 8.1). Patane and Romano (1979) have distinguished 
three volcaniclastic units, the details of which are 
summarised in Table 8.1. The poor exposure due to the 
high population density and the large percentage of cul­
tivated land on the eastern slopes of the volcano, to­
gether with the sporadic distribution of the volcani­
clastic deposits, makes stratigraphic correlation 
difficult. The relative ages of the different units are 
uncertain, and the only absolute date obtained is one of 
5,460 ys B.P., on carbonised wood within the llChiancone ll 
conglomerates (Kieffer, 1977). Remains of Elephas 
mnaidriensis found in the lahar deposits (Kieffer, 1977) 
indicate that they were produced during the Tyrrhenian 
stage, which correlates with the Wurm glacial episode, 
and the remnants of vegetation from the same deposits 
indicate that the prevailing climate was colder than at 
present. 
The distribution of the deposits indicates a 
close association with the Valle del Bove. The tuffs cap 
the outer slopes of the northern and southern walls, and 
the lahars form pronounced fan-like structures opposite 
the open eastern end of the Valle del Bove. Visible in 
aerial photographs is a submarine delta, which extends 
out for several kilometres into the Ionian Sea, immediat­
ely to the east of the depression. This is almost 
certainly constructed from material transported from the 
Valle del Bove. Elsewhere on the volcano, and in contrast 
to the area around the Valle del Bove, the amounts of 
exposed volcaniclastic material are negligeable. 
8.2 	 A PROPOSED NEW li0DEL FOR THE FORMATION OF THE 
VALLE DEL EOVE 
The following four-stage model is proposed by the author, 
linking the formation of the Valle del Bove by phreatic 
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Table 8.1 
VOLCANICLASTIC DEPOSITS EXPOSED WITHIN 
(after Patane and Romano, 1979). 
UPPER TUFFS AND LAHARS 
~ 
\.n 
OJ ALIJUVIAL SANDY CONGLOMERATES 
(CHIANCONE) 
LOWER TUFFS AND LAHARS 
THE VICINITY OF THE VALLE DEL BOVE 
Yellow, fine-grained tuffs, exhibiting coarse 
layering and sometimes containing plant remains; 
and poorly-cemented, red-brown lahars. 
Irregularly-bedded deposits made-up of 
ically heterogeneous volcanic cobbles 
in a sandy matrix. 
litholog­
and blocks 
Yellow-brown, well layered, medium to fine­
grained tuffs; and well-cemented, often coarsely­
grained, brown lahars. 
or phreato-magmatic explosions, with climatic conditions 

during the late Wurm glacial episode. 

(i) The Development of a Trifoglietto II snowcap (fig 8.2a) 
The 25,000 ys B.P. date obtained by Klerkx (1970) for the 
Trifoglietto II lavas, places the late phases of activity 
at the Trifoglietto II centre in the final Wurm glacial 
advance. The present permanent snowline for the Etna 
region is situated at 3250m above sea-level (Budel, 1949). 
During the late Wurm, however, this was depressed to only 
2000m (Budel, 1949). Such a figure would probably result 
in the development of a significant permanent snowcap on 
the Trifoglietto II volcano. Pyroclastic eruptions occur­
ing through this snow cover were probably responsible for 
the formation of the phreatic ashes described in chapter 4. 
(ii) The Cessation of Magmatic Activity (fig 8.2b) 
It is probable that magmatic extinction at the Trifog­
lietto II centre occurred between 25,000 and 20,000 ys B.P. 
accompanied by the growth or resurgence of activity to the 
NW, represented by the development in turn of the Ellittico 
-Vavalaci, Leone-Belvedere, and Cratere del Piano centres • 
. It is likely that some non-magmatic activity may have 
continued at the Trifoglietto II centre, taking the form 
of periodic phreatic eruptions producing lahars and non­
magmatic ash-fall deposits. 
(iii) Climatic Temperature Increase 
A rapid increase in global temperatures, beginning 20,000 
ys B.P., is indicated by oxygen-isotope profiles (Shackle­
ton and Emiliani, 1974), and a similar increase in the 
temperature of the Mediterranean region is shown by the 
statistical examination of foraminiferal assemblages by 
R-mode factor analysis (Ryan, 1972) (fig 8.3). As a result 
of this temperature increase, the snowfields capping 
Trifoglietto II and the younger centres to the NW, would 
undergo rapid melting resylting in greatly increased 
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fluvial erosion. Four steep-sided valleys on the southern 
wall, including the Valle del Tripodo, and the Valle degli 
Zappini, are evidence of this pronounced increase in the 
amount of surface runoff. These valleys are now truncated 
by the edge of the Valle del Bove, indicating that they 
were formed prior to its formation (Plate 8.1). 
(iv) The Formation of the Valle del Bove (flg 8.2c) 
Keller et al (1978) have identified twenty airborne ash 
layers in the Upper Quaternary sequence of deep sea cores 
from the eastern Mediterranean, and two of these ash 
horizons are correlated with Etna. One was deposited at 
about 100,000 ys B.P., the other, however, is dated at 
between 15,000 and 17,000 ys B.P. (fig 8.3). It is sugg­
ested by the present author that the widespread distrib­
ution of this younger ash horizon (fig 8.3), indicates 
that it was deposited during a unique phase of particul­
arly violent activity. No other such extensive ash 
horizons are picked-up in any of the eastern Mediterranean 
cores which date back to over 400,000 ys B.P. It is also 
proposed that these widespread air-fall ashes are related 
to the initial opening of the Valle del Bove, as a result 
of the destruction of the Trifoglietto II centre by 
phreatic or phreato-magmatic explosions. It is suggested 
that the water supply for the phreatic/phreato-magmatic 
activity was provided by the melting of the Trifoglietto 
II snowcap, during the rapid temperature increase which 
occurred between 12,000 and 20,000 ys B.P. The presence 
of uhornblende", which is generally rare on Etna, in the 
Mediterranean ashes (Keller, 1978), provides a further 
link with the Trifoglietto II centre. 
In addition to the increased surface runoff 
leading to the strong erosion of the Trifoglietto II 
cone, much of the meltwater would be free to percolate 
into the deeper levels of the volcano. Although it is 
probable that no fresh lava would have been produced for 
some thousands of years, .temperatures in the interior 
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would still be high enough to convert the water to super­
heated steam. Blockage of the vent area would result in a 
build-up of pressure within the Trifoglietto cone, whilst 
a mixture of super-heated steam and volcanic gases would 
corrode the pyroclastic and lava sequence, reducing the 
ability of the material to withstand the increasing inter­
nal pressures. Due to the inundation of the western flanks 
of Trifoglietto II by the lavas and pyroclastics erupted 
by the younger centres, once the internal pressures had 
reached a critical value, a phreatic/phreato-magmatic 
explosion would burst preferentially through the eastern 
flanks. Such an event would result in the undermining of 
a large section of the volcano, triggering an avalanche. 
It is proposed that the Lower Lahars and Tuffs 
of Patane and Romano (1979), were produced during this 
explosive event. The lahars possibly being formed by the 
mixing of avalanche material with meltwater, and the tuffs, 
by the pulverisation of material during its explosive 
injection. Kieffer (1977) describes the lahar deposits as 
being breccias consisting of lithic blocks in a fine 
matrix, and notes· the absence of any juvenile material 
(e.g. bombs) within the deposits. The Lower Tuffs may be 
correlated with the ashes identified by Keller (1978) in 
the Mediterranean cores. The initial Valle del Bove prod­
uced by the destruction of Trifoglietto II, was probably 
less than half its present volume, the Lower Lahars and 
Tuffs having a combined volume of between 3 and 4km3 • 
The Upper Lahars of Patane and Romano (1979) 
and the nChiancone II deposits, are suggested by the present 
author to have been formed as a result of subsequent 
fluvial erosion and lahar formation. The Upper Tuffs may 
have been formed by eruptions in the vicinity of the 
present summit area, following the formation of the Valle 
del Bove. The large proportion of fluviatile conglomerate 
present in the "Chiancone fl (Kieffer, 1977) (Plate 8.2), 
suggests that the enlargement of the depression bas been 
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r lUll .• 
Plate 8. 1 
The steep-sided Valle degli Zappini, truncated by the rim 
of the Valle del Bove. 
Plate 8.2 
Rounded c obb les of lava in a sandy matrix, ma k i n g - up part 
of the larg ely fluviatile c onglomerate known locally as 
II Chiancone". (Praiola , see fig 8.1 ) . 
1 64 
due almost entirely to fluvial erosl"on. I d" 
mme lately 

following the formation of the caldera, the abundant 

surface water from the melting snow and ice would ; d'
rap.l.. ...y 
cut back the caldera walls, aided by collapse, avalanches, 
and the often corroded and friable nature of much of the 
newly exposed material. Reworking of the lahars formed 
during the explosion might occur, and new lahars might be 
produced as a result of eruptions through snow or ice. 
During historic times with snowlines elevated 
and the climate drier, surface runoff is still an important 
erosive agent in the vicinity of the Valle der Bove. Lyell 
(1859) describes a flood which occurred during t1arch 1755, 
as a result of an eruption through snow at the summit. An 
estimated 5 million cubic metres of water travelling at a 
rate of 60km/hr for the first 20km, cut a channel 3.5km 
across. The flood ended at the coast, where it contributed 
a further 18m thick deposit of rock fragments in a sandy 
matrix, to the fan-like body of flChiancone l1 • It is inter­
esting to note that this flood occurred at the time of the 
greatest expans ion of glaciers during the flLi ttle Ice Age n. 
Relying as it does upon a much changed climate 
and the presence of a semi-extinct centre of volcanic 
activity, it is proposed that the formation of the Valle 
del Bove was the result of an isolated, unique phase of 
phreatic or phreato-magmatic activity. Without a return 
to similar climatic and volcanic conditions, such an event 
is unlikely to recur. 
8.3 	 A COMPARISON BETWEEN THE VALLE DEL BOVE AND THE 
BANDAI-SAN CALDERA (JAPAN) 
In 1888, a huge explosion blew-out part of the northern 
flank of the andesitic Bandai-san caldera on the island 
of Honsyu in Japan, triggering a landslide which destroyed 
one side of the mountain leaving a horse-shoe shaped 
depression (fig 8.~) 2300m across and 2000m long, with 
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walls 300m high. It lS proposed by the present author 
that the Bandai-san caldera is an historic analogue of the 
Valle del Eove, and that the events recorded during its 
formation (Sekiya and Kikuchi, 1890) are analogous to those 
which took place during the opening of the Valle del Bove. 
A similarity between the Valle del Bove and the Bandai-sful 
caldera was also noted independently by Rittmann (1973). 
Four important similarities exist between the 

two calderas : ­
(a) Size and Shape 
Both calderas are of the same order of magnitude as 
regards size, and are morphologically similar, being horse­
shoe shaped and cut into the flanks of their respective 
volcanoes. 
(b) Character of Volcaniclastic Deposits 
During the formation of both calderas, two types of volc­
aniclastic deposit were produced ­
i. A breccia consisting of angular lithic blocks 
in a fine matrix of pulverised rock material, largely 
taking the form of lahars. 
ii. An extensive, fine airfall ash deposit. That 
formed during the opening of the Valle del Bove being 
found up to 600km from Etna, and that produced during the 
Bandai-san explosion covering some 1300km2 (Sekiya and 
Kikuchi, 1890). In both cases the ashes resemble the 
matrix material in the breccias, comprising pulverised 
lithic material. No fresh magmatic material is present in 
the Valle del Bove volcaniclastic deposits. The airfall 
ashes described by Sekiya and Kikuchi (1890), are not 
pumiceous, and no fresh magmatic blocks are found in the 
Bandai-san breccias. 
(c) The Distribution of Volcaniclastic Deposits 
Examination of the distribution of volcaniclastic deposits 
at Etna and Bandai-san, indicates that they occur predom­
inantly in the vicinity of their respective calderas. In 
particular, the lahar deposits are found almost directly 
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opposite the open ends of the c~lderas(figs 8.~ and 8.5). 
Cd) The Presence of Areas of Corroded Rock 
Areas of corroded and friable rock are exposed in the 
soutbern wall of the Valle del Bove (chapter 4). This 
whitish, sintery material is almost certainly formed as 
a result of the corrosive action of escaping volcanic 
gases. Sekiya and Kikuchi (1890) describe the presence of 
a large amount of altered scoria and lava exposed within 
the walls of the Bandai-san caldera. 
The violent expansion of steam which followed 
the Bandai-san explosion undermined the steep slopes of 
the volcano, and an avalanche of rocky debris travelled 
downslope at 80km/hr (Sekiya and Kikuchi, 1890). The 
mobili ty of the debris w.as due largely to the presence of 
an underlying cushion of compressed hot air. Mobility was, 
however, further enhanced where the avalanche rushed down 
stream valleys at the base of the mountain, mixed with 
water, and formed lahars which devastated an area of some 
70km2 • These lahar deposits, now partly reworked by sub­
sequent fluvial action, form a fan-like body at the base 
of the caldera (fig 8.5). The total volume of material 
ejected is estimated at 1.3km3 (McBirney and Williams, 
1979) • 
The Bandai-san volcano appears to be virtually 
dormant, and no magmatic eruptions have been recorded 
over the last 2000 ys (Sekiya and Kikuchi, 1890). Phreatic 
eruptions resulting in the formation of lahars, however, 
have been recorded on six occasions during this period, 
the most recent being in 1954 (Kuno, 1965). Solfataras 
are still abundant on the caldera floor, and the great 
explosion of 1888 occurred at a point where a stream had 
issued for many years. The percolation of water, mostly 
meltwater following regular severe winters, into the still 
hot areas of the volcano, and the build-up of steam press­
ure, resulted in the explosive destruction of the 
and the formation of the caldera. 
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Appendix 1 
SAMPLE LOCATIONS 
The locations of collected samples are shown in figs Ap1.1 
and Ap1.2, 
below : ­
44/77 
28/78 
29/78 
36/77 
19/77 
15/77 
33/77 
34/77 
14/77 
21/78 
42/77 
45/77 
38/77 
49/77 
31/77 
32/77 
9/77 
41/77 
29/77 
31/78 
28/77 
27/77 
26/77 
25/77 
and details of the analysed samples are given 
Calanna intrusive 
Calanna intrusive 
Calanna intrusive 
Trif. II Lr. Lava Group 
Trif. II Lr. Lava Group 
Trif. II Lr. Lava Group 
Trif. II Lr. Lava Group 
Sill within Trif. II 
pyroclastic seQuence 
Dyke feeding Trif. II 
Lr. Lava Group 
Lava within Trif. II 
pyroclastic sequence 
Trif. II M. Lava Group 
Trif. II M. Lava Group 
Trif. II M. Lava Group 
Trif. II M. Lava Group 
Trif. II M. Lava Group 
Trif. II U. Lava Group 
Trif. II U. Lava Group 
Trif. II U. Lava Group 
Trif. II U. Lava Group 
Trif. II U. Lava Group 
Vavalaci lava 
Vavalaci lava 
Vavalaci lava 
Vavalaci lava 
i 
hawaiite 
hawaiite 
hawaiite 
mugearite 
mugearite 
mugearite 
mugearite 
basic. mug. 
basic., mug. 
mugearite 
basic. mug. 
hawaiite 
basic. mug. 
basic. mug. 
basic. mug. 
basic. mug. 
basic. mug. 
basic. mug. 
basic. mug. 
basic. mug. 
hawaiite 
basic. mug. 
mugearite 
basic. mug .. 
,,~,~,\'l!"_"'~~-~-~----_---'-___________ 
40/77 Zoccolaro lava basic. mug. 
34/78 Zoccolaro lava mugearite 
33/78 Zoccolaro lava basic. mug. 
10/77 Post-Trif. II dyke basic. mug. 
35/77 Post-Trif. II dyke basic. mug. 
22/78 Post-Trif. II dyke basic. mug. 
16/78 Post-Trif. II dyke basic. mug. 
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Appendix 2 
THE QUATERNARY TIME-SCALE. (after Fairbridge, 1972) 
Chronology is constructed from the indications of 
absolute dating, palaeomagnetic reversals, deep-sea 
foram. zonation, and the Milankovitch solar radiation 
pattern. Eustatic sea-level changes also shown .. Under 
solar radiation, black indicates periods of high, and 
white, periods of low ef'fectiVe radiation :received in 
the mid-latitudes of the northern hemisphere .. 
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Appendix 3 
VOLCANIC ACTIVITY 1977-1979 
There follows a summary of the volcanic activity which 
occurred during the period 1977 to 1979. The information 
is derived from the authors own observations, together 
with those of other British and Italian geologists 
working on the volcano during this period, and is based 
upon an unpublished report by Murray (1979). Figures Ap3.1, 
Ap3.2 and Ap3.3, are based upon maps produced by Murray 
over the period 1975 to 1980. 
The NE Crater (fig Ap3.1) was particularly active throughout 
1977, all the eruptions being characterised by a high degree 
of explosivity, and often resulting in ash falls several. 
kilometres away from the summit. Large volumes of lava were 
erupted, significantly crltering the topography of the upper 
northern flanks of the volcano (fig Ap3.2), and increasing 
the height of the NE Crater to nearly 3350m (50m higher than 
before the eruptions). Eruptions at the NE Crater commenced 
in mid-July, and continued periodically through to January 
1978. The majority of the eruptions lasted from between 2~ 
hours and 7 days. Lava flows up to 4km long flowed towards 
the E and N, and lIfire fountaining II to heights of 500m was 
observed in the explosive vents. 
The Chasm often exhibited explosive activity at 
depth, and at its most active, bombs could be 
hurled-up deep within the crater. Throughout the year, 
explosions and rumblings were heard originating at depth 
in the Bocca Nuova, their frequency varying from 
5minutes to one every few hours. 
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At the end of April, a new eruption started from vents 
at the SE foot of the summit cone. The highest cone was 
constructed just south of the edge of the 1971 pit (fig 
Ap3.3). S-E and N-S trending fissures extended from the 
new cone down into the southern wall of the Valle del 
Bove, and from vents situated on these fissures, lavas 
poured into the Valle del Bove (Plate Ap3.1), travelling 
3km to Monte Centenari on the floor of the depression. 
Activity restarted from the same centre in late August, 
and continued for 7 days. Lavas were produced from several 
vents which opened up in the western part of the southern 
wall, again producing lava flows of 3km length. The rate 
of eruption was particularly high, the 3km long flows 
being erupted in only 12 hours. A third phase commenced 
in mid-November with explosive activity in the new cone. 
Once again this was succeeded by the production of lavas 
from vents in the western part of the southern wall. At 
the end of November, vents opened near the foot of the 
western part of the southern wall, and lavas from these 
vents flowed as far as the Valle de Calanna. 
The NE Crater was quiescent after late March, 
and the Chasm was also quiet as a result of being blocked 
at a depth of about 160m below the rim. The depth of the 
Bocca Nuova was estimated at between 700m and 800m, and 
only a few deep explosions were heard over the year. 
The blocked chasm was reopened in ealy July, and a spatter 
cone was visible in the floor of the crater, hurling 
bombs up to 25m below the crater lip. By the end of July, 
lava had overflowed the cone forming a lava lake in the 
floor of the crater. Violent explosions occurred beneath 
the lake every 50-60 seconds, sending bombs over 50m 
beyond the crater rim and making any approach dangerous. 
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On July 16th, activity recommenced at the site 
of the 1978 vents (now referred to as the SE Crater) on 
the flanks of the summit cone (fig Ap3.3). Several days 
of earth tremors in the vicinity of the crater preceeded 
the opening of vents within the crater (Plate Ap3.2). 
Gas release under pressure was succeeded by strombolian 
activity which became increasingly violent. By early 
August, Ttfire fountaining!! up to 300m high was occurring 
in the crater, with bombs reaching the Torre del Filosofo 
(fig Ap3.4). Ash up to ~cm thick fell 8km away, and 3mm 
of ash was recorded at Catania over ~Okm away_ 
On August 3rd, extensive effusive activity 
began. Over the following three days, fissures opened in 
the vicinity of the 1819 crater and at several sites 
within the Valle del Bove (fig Ap3.4). Lavas erupted 
from one of the fissures cut the Fornazzo-Citelli road, 
and stopped just short of the village of Fornazzo. Activ­
ity ceased on August 9th at approximately the same time 
as the cessation of activity in the chasm. 
In early September, the Etna guides reported 
that a collapse in the northern wall of the Bocca Nuova 
had blocked the vent. On the morning of September 12th, 
a team of geologists froID the University of London 
Observatory carrying-out a levelling traverse across the 
summit area to detect ground deformation, picked-up 
continuous but slight ground tremor in the vicinity of 
the Bocca Nuova, whilst viewing the staff through the 
level. At 6 o'clock in the evening there was a single 
great explosion from the Bocca Nuova, producing an ash 
cloud several kilometres high. Ash and lithic blocks were 
ejected, bombarding a party of tourists who were being 
taken around the summit area by the guides. 9 people 
were killed and over 20 injured, and the guide vehicles, 
land rovers and four-wheel drive buses, were badly damaged, 
despite being parked over 400m from the Bocca Nuova. Since 
this event, there has been little activity at any of the 
summit craters. 
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